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1.0 BACKGROUND 

Reports of plutonium (Pu) and americium (Am) movement in groundwater over distances beyond 
several meters are rare. Hakonson et al. (1981) reviewed the transport of Pu in terrestrial systems 
and asserted that vertical leaching of soluble Pu through the soil is an important phenomenon. 
Other findings support this claim. Onishi et al. ( 198 1) concluded that adsorbed Pu can be readily 
moved through the aqueous environment in colloidal forms. Recently, Penrose et al. (1990) 
found that Pu and Am were transported in groundwater for at least 3390 meters downgradient from 
the point of discharge. 

Pu and Am were tightly or irreversibly bound to colloidal material (25 to 450 nm). Krey et al. 
(1 976) attributed the successful application of the diffusion term in their Soil-Pu transport model at 
several diverse sites at the Rocky Flats Environmental Technology Site (RFETS) to transportability 
of Pu in soil interstitial waters rather than to soil characteristics. Minimal research has been 
conducted on the fate and transport of actinides in soils at RFETS. Studies are necessary to 
ditermine the physical and chemical attributes that govern the flow of water and plasma in the soils 
at RFETS. 

@ 

Furthermore, activity of actinides in soils are usually studied by extracting the soil matter. In 
general, these analyses fail to provide important information regarding the transport mechanisms of 
actinides within the soil column. In situ measures are necessary. Analysis of the frequency, 
duration, and intensity of summer precipitation and spring snowmelt events, including direct 
measurements of solute transport in soils, will provide essential information to assess the form and 
magnitude of actinide movement in soil. The area chosen for these in situ measurements is shown 
in Figure 1 .O-1. 



I 
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2.0 PROJECT OBJECTIVES 

The objectives of the project are to: (1) study and monitor the vertical flow in the soil environment 
upslope from Seep SW-53 during and after major precipitation events and snowmelt, and 
(2) assess the relationships between Soil-Pu in the interstitial water and Pu in Seep SW-53. 
Geohydrological and geochemical data water will provide necessary constraints for the 
development of vadose zone modelings. The geochemical characterization study will include: (1) 
total concentrations of Pu and Arn in soil interstitial waters that move freely (0-5 kPa) down the 
soil column, and (2) fractionation of actinides to colloidal and dissolved (cO.1pm) phases in freely 
flowing waters (0-5 kPa) and interstitial water at various matric potentials (5-10, 10-30, and 30-50 
kPa). 

I 
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3.0 PERSONNEL 

3.1 PRINCIPLE INVESTIGATOR (PI) AND PROJECT MANAGER (PM) 

Dr. M.Z. (Iggy) Litaor - Soil Scientist 
OU2 Closure 
The Rocky Flats Environmental Technology Site - Golden, Colorado 
Phone: 303-966-8583 

3.2 CO LLABOR AT1 N G P RI N CI PLE I NVESTIG AT0 RS ( CO-PI) 

OU2 Closure 
The Rocky Flats Environmental Technology Site - Golden, Colorado 

Gilbert Barth - Water Resource ScientistJCo-PI 
Phone: 303-966-8707 

I 

Philipp Molzer - Environmental EngineedCo-PI 
Phone: 303-966-8754 

Hans Daniels - Engineering Specialist Associate/Co-PI 
Phone: 303-966-859 1 

James Moffitt - Engineering Specialist Associate/Co-PI 
Phone: 303-966-85 15 

Elizabeth Zika - DOE Intern, Graduate StudentKO-PI 
Phone: 303-966-6544 
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4.0 PROCEDURES 

4.1 PIT LOCATION 

4.1 .I Site Survey 

When pit excavations were concluded, an overall site survey listing pit locations and line profiles 
was conducted by Merrick and Co. The site survey is included in Appendix II. 

4.1.2 Pit Location Procedures 

The location of the five pits resulted from analysis of data collected from soil, groundwater, 
surface water, and geophysical investigations. During the sumxner of 1991 surficial soil sampling 0 was conducted as part of the Surfcial Soil Sampling Program (SSSP) for OU2. 

1 

The samples collected from surface water site Seep SW-53 had, occasionally, contained elevated 
cdncentrations of Pu. The area excavated for Pit 1 was chosen based on its proximity upgradient 
of Seep SW-53. Ground penetrating radar (GPR) and electromagnetic (EM) surveys were used to 
locate sites with possible subsurface lateral discontinuities, The location of Pits 2, 3,4, and 5 (See 
Fig. 4.1.2- 1) was determined from the results of the GPR survey. The survey results are 
summarized in a draft report titled “Geophysical Survey; Surficial Soil Sampling Program; 903 
Pad, Mound, and East Pit Areas, Operable Unit No. 2,” dated July 1992. 

4.1.3 Pit Excavation Procedures 

Before excavation, each pit location was oriented and staked by the project PI and pre-entry 
radiological and air quality surveys were conducted by Health and Safety (H&S) personnel. The 
pit area was sealed to prevent trampling of soil and vegetation. The pits were excavated according 
to Standard Operating Procedure (SOP) G.T.7, “Logging and Sampling of Test Pits, Trenches, 
and Construction Excavations,” Section 5.2.1 ; “Excavation.” The backhoe excavated the pits to 
approximately 1.2 m. Flooding occurred when groundwater was encountered 1.1 m deep at Pit 1. 
The pit was back-filled with clean gravel to a depth of 0.9 m. 

0 
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During pit excavation, soils were removed sequentially by diagnostic horizon and placed in 
separate piles. The soils from Pit 1 were placed upon plastic sheeting 10 m from the pit. Each 
diagnostic horizon was placed in its own pile and then covered with additional plastic sheeting. On 
subsequent pits, the spoils were placed by horizon into one of five 2.5 m long x 1.2 m wide x 1 m 
deep boxes. For convenience, boxes were located adjacent to the pit. The boxes were lined with 
plastic sheeting, filled with soil, covered with plastic, and then lids were placed upon the plastic. 

Samples that were taken at each pit include: (1) general soil parameters, (2) clay minerals, (3) bulk 
density, (4) Pu 239/240, Am 241, U 233/234,235,238, (5) sequential extraction, (6) rad screen, 
and (7) metals. 

4.1.4 Pit Characterization and Soil Sampling Procedures 

The same day that each pit was excavated, samples were taken and logged according to RFETS 

Construction Excavations” procedures. Soil horizons (See Table 4.1.4- 1) and discontinuities were 
identified and photographed at this time. For more information on soil profile descriptions, soil pit 
characterizations, and micromorphologic features consult Appendix III and “Phase II RFYRI 
Report 903 Pad, Mound, and East Trenches Area Operable Unit No. 2 Volume 9 Appendix D - 
Investigations of Actinide Distribution, Fate and Transport in Soils.” When sampling was 
completed, the soil solution sampling apparatus was installed over a seven to 10 day working 
period. Daily H&S surveys of the pit area were conducted before the start of work. Installation 
schematics are shown in Figures 4.1.4- 1 through 4.1.4-6. 

@ Environmental Management SOP GT.7, “Logging and Sampling of Test Pits, Trenches, and 

4.1.5 PIT BACKFILLING AND SITE RESTORATION PROCEDURE 

At the conclusion of infiltrometer testing and sampling apparatus installation, the excavated soils 
were backfilled by horizon. Backfilling procedures followed SOP G.T.7, “Logging and Sampling 
of Test Pits, Trenches, and Construction Excavations,” Section 5.2.4; “Trench Backfilling and Site 
Restoration.’’ To minimize the destruction of vegetation and disturbance to the instrumentation, the 
pits were backfilled by hand using shovels and a wheelbarrow. The backfilled soil was lightly 
watered using a garden-type sprayer to suppress dust and facilitate compaction. Soil was placed 0 
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Trench TR-1 
Depth' (cm) I Horizon 

carefully by hand in the areas around the sampling apparatus. When available, grasses and local 
vegetation were replaced. Garden type mulch was evenly spread on the disturbed areas to aid 
growth, however, areas above the sampling apparatus were avoided. Several hundred gallons of 
water were sprayed on the area to encourage recovery of disturbed soils. 

Trench TR-2 Trench TR-3 
Depth' (cm) 1 Horizon Depth' (cm) I Horizon 

0-16 
16-27 
27 - 58 
58 - 76 
76 - 103 

103 - 123+ 

A 0-7 A 0-18 A 
AB 7-19 Bw 18 - 35 AB 
Btkl 19 - 50 Bt 35 - 51 Bw 
Btgk 50 - 105 2Br 51 - 120 Btg, Bth 
Btg 105+ 3Btgkl 120+ Btgkl 
2Btg 

Trench TR-4 
Depth' (cm) I Horizon 

Legend: 
1 Depths were measured from the distance below a cloth measuring tape stretched across the trench 

face. 

- 

Trench TR-5 

Depth' (cm) I Horizon 

0- 18 
18-41 
41 -77 
77 - 108 

108+ 

% 

.r 

A 0-15 A 
Btl 15 - 48 Bw 

Btg 
Btg 

Bt2 48 - 120+ 

2BCakl 



-4  

EXPLANATION 

Figure 4.1.4-1 Instrument Location Maps f o r  Pi ts  1-5 
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4.2 SOIL WATER SAMPLES 

4.2.1 Principles of Zero Tension (ZT) Sampler Operation 

ZT samplers were troughs designed to collect freely flowing water (0-5 kPa matric potential). A 
sampler consisted of a half-section of 15 cm interior diameter (I.D.) by 30 cm long 
polyvinylchloride (PVC) pipe capped at one end (See Fig. 4.2.1-1). Water was drained from the 
sampler through a hole drilled at the capped-end. Tubing connected to a 0.95 cm tubing connector 
screwed into the hole was used to carry water from the sampler to a collection bottle located 
downslope from the sampler. 

The sampler pipe and end-cap were sharpened at their open ends with a machine grinder, easing 
the insertion of the sampler into the pit wall. The drain hole was drilled into the end-cap and 
through the trough midway across the sampler and 25 cm from the sharpened end. It was then 
tapped and a 0.95 cm I.D. x 1.27 cm long nylon barb fitting was inserted. The hole in the trough 
w,as countersunk with a grinding tool (i.e., Dremel). The countersinking assisted in the collection 
of free flowing interstitial water which reduced the surface tension of water at the fitting. 

@ 

A lateral flow (LF) ZT sampler was designed to collect horizontally free-flowing water (0-5 kPa 
matric potential). The sampler was constructed from a 15 cm I.D. x 45 cm long PVC pipe and 
end-cap. The procedures used for construction, sharpening, and drain hole insertion were 
essentially the same as for the ZT sampler. 

Load cells were used to monitor the amount of water collected over a period of time by the ZT 
samplers. A load cell is an electronic device used to weigh loads. Water collected by the ZT 
samplers (25 cm square x 45 cm high) flowed to collection bottles on load cells. A platform 
attached to the top of the load cell secured a plastic container that holds five-500 ml Nalgene 
bottles. Polyethylene tubing (0.95 cm I.D.) was attached to the bottom of five ZT samplers along 
a soil horizon connected to the top of the collection bottles within one enclosure (See Figs. 4.2.1-2 

and 4.2.1-3). Each enclosure collected water from a single soil horizon. 
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RACOR 1” steel fittings 

iold-down screws Lid 

e 

Enclosure Lid 

Wing nu t  

gnal Lead Port ----___ 
I 

Loah cell enclosure 
constructed from 
cast acrylic sheet 

,411 enclosure 
seams sealed with 
butyl caulk 

1 1  a, 
0 

-30 c r n d  

Figure 4.2.1-3 Load Cell Assembly and Enclosure 
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Three load cell enclosures were located within each pit (except Pit 5 that contained only two). 
Enclosure locations are shown in Figures 4.1.4- 1 through 4.1.4-6. The load cell was connected to 
a data logger through a multiplexer that continuously monitored the total amount of water collected 
in the five bottles. Sample collection tubes were also attached to the top of the bottles and extended 
to the surface where samples were periodically collected using a hand-operated vacuum pump (See 
Fig. 4.2.1-4). The load cell wiring and polyethylene tubing that passed through the plexiglass 
enclosure were secured and protected using 1.9 cm I.D. watertight fittings and flexible conduit. 
The protective sample collection conduit that extended to the surface was also protected with a 
section of 5.08 cm I.D. PVC pipe. 

4.2.2 ZT Sampler Installation 

Five ZT samplers were installed within each soil horizon. Before field installation, the sampler 
was submitted to a high pressure decontamination wash and stored in plastic. A hand-operated 0 hydraulic jack was used to install the ZT samplers. The hydraulic jack unit consisted of a hand- 
operated pump and ram section. A 1 m long hydraulic line connected the pump to the ram. The 
ram section consisted of a hydraulic jack with interchangeable extensions of various length. 
Installation of the ZT samplers required three field personnel, two technicians within the pit and 
one PI outside. While one technician operated the pump and the other held the ram and extension, 
the PI supported and directed the ZT installation into the pit wall. Wooden bracing was placed 
along the opposite pit wall to protect the areas scheduled for hydraulic conductivity testing and to 
brace the ram section. At Pit 5, large cobbles prevented the placement of ZT samplers within the 
third soil horizon. LF ZT samplers were installed in Pits 2 and 3 in place of the middle ZT in the 
third horizon. The ZT samplers' relative locations within each pit are listed in Tables 4.2.2-1 
through 4.2.2-5 and are shown in Figures 4.1.4-1 through 4.1.4-6. 

Three experimental ZT samplers were also installed at Pit 4. They were received from Michael 
Thompson of Iowa State University. The samplers' alphanumeric designation were 04ZTA, 
04ZTB, and 04ZTC. Their installed locations are listed in Table 4.2.2-6 and shown in Figure 
4.1.4-5. 
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Table 4.2.2-1 Trench TR-1 Zero Tension Samplers 

I Location I ZT SamDler Dimensions 

Designation I Depth' (cm) I Distance* (cm) I Length3 (cm) I Width3 (cm) 1 Area4(cm2) 
First Horizon 

OlZT11 
01 ZT12 
01 ZT13 
01 ZT14 
01 ZT15 

20 
20 
20 
25 
30 

120 
220 
270 
375 
540 

36.0* 
36.0* 
36.0* 
36.0' 
36.0 

15.0* 
1'5.0* 
15.0* 
15.0* 
15.0 

540.0' 
540.0* 
540.0* 
540.0* 
540.0 

Second Horizon 
01 ZT21 
01 zT22 
01 ZT23 
01 ZT24 
01 ZT25 

48 
48 
55 
50 
48 

65 
185 
245 
405 
470 

Third Horizon 

01 ZT31 
01 ZT32 
01 zT33 
01 zT34 
01 zT35 

55 
70 
67 
60 
55 

150 
275 
335 
445 
51 5 

36.0* 
36.0* 
36.0 
36.0 
35.8 

14.7* 
14.7* 
14.7 
14.7 
14.8 

529* 
529' 
529.2 
529.2 
529.8 

36.0* 
36.0* 
36.0 
36.0* 
36.0 

15.0' 
15.0' 
15.0 
15.0' 
15.0 

540.0* 
540.0* 
540.0 
540.0* 
540.0 

Legend: 

1 Depths were measured from the distance below a cloth measuring tape stretched across the 
trench face. 

2 Distances were measured from a fixed stake at the far left side of trench. 
3 Sampler Inner Dimension. 
4 Surface area exposed to vertical water flow = Length x Width. 

Approximate 
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Designation 

Table 4.2.2-2 Trench TR-2 Zero Tension Sampler 
Trench TR-2 

Location Zr Sampler Dimensions 

Depth' (cm) I Distance '(cm) Length' (cm) I Width3 (cm) 1 Area4 (cn?) 

02zT11 
02zT12 
02ZT13 
02ZT14 
02zT15 

17.8 
17.8 
14.0 
17.8 
20.3 

63.5 
170.2 
325.3 
426.7 
505.5 

Second Horizon 

02zT2 1 I 33.0 I 228.6 
02zT22 
02ZT23 
02zT24 
0 2 x 2 5  

40.6 
30.5 
30.5 
27.9 

297.2 
381 .O 
462.3 
533.4 

Third Horizon 

35.5 
35.7 
35.4 
35.5 
35.7 

14.9 
f4.8 
15.1 
14.9 
14.9 

35.5 
35.7 
35.7 
35.6 
35.7 

14.9 
14.8 
15.0 
14.8 
14.6 

529.0 
528.4 
534.5 
529.0 
531.9 

529.0 
528.4 
535.5 
526.9 
521.2 

02ZT31 
022132 
' 02zT33 
02ZT34 
1022135 

50.8 
53.3 
78.7 
63.5 
50.8 

127.0 
195.6 
236.2 
360.7 
408.9 

35.4 
35.5 
35.5* 
35.7 
36.3 

14.9 
15.2 
15* 
14.9 
14.9 

527.5 
539.6 
532.5* 
531.9 
174.4 

Legend: 

1 Depths were measured from the distance below a cloth measuring tape stretched across the 
trench face. 

2 Distances were measured from a fixed stake at the far left side of trench. 
3 Sampler Inner Dimension. 
4 Surface area exposed to vertical water flow = Length x Width. 
5 LF designates lateral flow type sampler. Width = Inner Diameter. Area = n r * 

~~~ 

* Approximate 
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Location ZT Sampler Dimensions 

Depth ' (cm) I Distance 2(cm) Length3 (cm) I Width3 (cm) I Area4 (cm2) 

03ZT11 
03zT12 
03ZT13 
03ZT14 
03ZT15 

Legend: 

25.4 43.2 35.5 15.0 532.5 
12.7 205.7 35.7 1'5.1 539.1 
12.7 279.4 35.9 15.0 538.5 
10.2 368.3 36.0 15.2 547.2 
11.4 449.6 36.0 14.8 532.8 

1 Depths were measured from the distance below a cloth measuring tape stretched across the 
trench face. 

2 Distances were measured from a fixed stake at the far left side of trench. 

3 Sampler Inner Dimension. 
4 Surface area exposed to vertical water flow = Length x Width. 
5 LF designates lateral flow type sampler. Width = Inner Diameter. Area = x r 

03ZT21 
03ZT22 
03ZT23 
03ZT24 
03ZT25 

31.8 99.1 35.5 15.1 540.6 
21.6 154.9 35.7 15.0 535.5 
30.5 243.8 35.7 16.0 571.2 
25.4 320.0 35.8 14.9 533.4 
30.5 487.7 35.8 15.6 558.5 

03ZT31 
03zT32 
v3ZT33 
03ZT34 
03zT35 

43.2 68.6 35.6 15.6 555.4 
58.4 167.6 35.7 15.0 535.5 
57.2 279.4 35.7 15.2 542.6 
50.8 348.0 35.8 15.1 540.6 
40.6 424.2 45.5 14.9 174.4 
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Table 4.2.2-4 Trench TR-4 Zero Tension Sampler 
Trench TR-2 

Designation 
First Horizon 

04ZT11 182.9 
04ZT12 256.5 
04ZT13 342.9 
04ZT14 396.2 
04ZT15 467.4 
Second Horizon 
04ZT2 1 
04ZT22 
042123 
04ZT24 
04ZT25 

38.1 
35.6 
33.0 
40.6 
38.1 

43.2 
106.7 
152.4 
221 .o 
434.3 

Third Horizon 

04ZT31 I 55.9 I 68.6 
04ZT32 
,04ZT33 
042134 
,042135 

53.3 
66.0 
63.5 
53.3 

134.6 
292.1 
370.8 
492.8 

ZT SamDler Dimensions 

Length3 (cm) I Width3 (cm) 1 Area4 ( c d )  

35.8 
35.7 
35.6 
35.7 I 35.8 

f 
14.7 
1.4.6 
14.9 
14.9 
14.9 

526.3 
521.2 
530.4 
531.9 
533.4 

35.7 
35.8 
35.8 
35.8 I 35.6 

I 35.8 
35.5 
35.7 
35.6 
35.7 

14.8 
15.0 
14.8 
14.9 
14.8 

14.9 
14.8 
14.8 
14.7 
14.9 

529.8 
532.5 
528.4 
530.4 
528.4 

531.9 
.529.8 
529.8 
526.3 
530.4 

~~~~ ~ 

Legend: 

1 Depths were measured from the distance below a cloth measuring tape stretched across the 
trench face. ' 

2 Distances were measured from a fixed stake at the far left side of trench. 
3 Sampler Inner Dimension. 
4 Surface area exposed to vertical water flow = Length x Width. 
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Designation Depth ' (cm) 
04ZTA 30.5 
04ZTB 33.0 
04ZTC 30.5 

Table 4.2.2-5 Trench TR-5 Zero Tension Sampler 

Distance (cm) 
541 .O 
541 .O 
556.0 

Trench TR-2 

I Location I ZT Sampler Dimensions 

Designation 
First Horizon 

I Depth' (cm) I Distance 2(cm) I Length3 (cm) I Width3 (cm) 1 Area4 (cm2) 

05ZT11 
05ZT12 
05ZT13 
05ZT14 
05zT15 

13 
11 
15 
20 
75 

57 
107 
194 
283 
387 

35.7 
36' 
36* 
36' 
36' 

Second Horizon 

05ZT21 
05ZT22 
05ZT23 
05x24 
05ZT25 

44 
30 
38 
18 
24 

87 
156 
229 
336 
435 

35.7 
36' 
36* 
36' 
36* 

Legend: 

15' 
1 s  
15* 
15* 

1 15* 

536* 
540* 
540* 
540* 
540' 

15* 
15' 

i 15' 
~ 15' 

15' 

536* 
540* 
540' 
540* 
540* 

1 Depths were measured from the distance below a cloth measuring tape stretched across the 
trench face. 

2 Distances were measured from a fixed stake at the far left side of trench to the drain on each zero 
tension sampler. 

3 Sampler Inner Dimension. 
4 Surface area exposed to vertical water flow = Length x Width. 

Approximate 

Legend: 

1 Depths were measured from the distance below a cloth measuring tape stretched across the 
trench face. 

I 2 Distances were measured from a fixed stake at the far left side of trench. 

Tables 4.2.2- 1 through Table 4.2.2-5 contain ZT sampler alphanumeric designations, pit location, 
depth, distance, and sampler collection surface area. Samplers were designated by horizon, 
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sampler type, horizon, and location. (Le., 01ZT25 designates Pit 1, ZT sampler, second horizon, 
fifth location). 

The Interface, Inc. Model SPI-7.5 single point load cell has a rated capacity of 3.4 kg. Each load 
cell rated calibration (Output, Compression = mV/V) was checked by comparing output voltage 
(mV) to direct gravitational measurement (gm) using an electronic balawe Mettler Model PM6100. 
This procedure was performed with a 12 volt/675 amp deep-cycle (DC) battery attached to a load 
cell. The battery (i.e., excitation) voltage (V) was measured with a voltmeter. The mV from the 
load cell was measured for a variety of applied weights. The calibrated weight (mV) was then 
determined by multiplying the load (gm) by the rated maximum output at the excitation (battery) 
voltage (mV). Manufacturer serial numbers along with their rated calibration values are listed in 
Table 4.2.2-7. Manufacturer calibration verification sheets and pre-installation calibration 
worksheets with corresponding graphs are included in Appendix IV. 

Table 4.2.2-7 Load Cell Calibrations 

Serial Number 

C16353 
C16355 
(216359 
C16360 
C 1 6364 
C16373 
C16374 
C16375 

Load Cells 

Output mVN at 3.4 kg and 1OV 

3.127 
3.133 
3.128 
3.242 
3.163 
3.106 
3.1 14 
3.151 

-~ ~ 

Serial Number 7 Outout mVN at 3.4 kn an 
C16380 
C16381 
C16383 
C16386 
C16387 
C16396 
C16398 

3.1 19 
3.161 
3.1 62 
3.177 
3.207 
3.1 64 
3.160 

After the pit was characterized and sampled, a concrete pad (1 m wide x 3 m long x 0.15 m deep) 
was emplaced at the center of the pit. The bottoms of the enclosures were placed into the concrete 
and leveled using a bulls-eye level. An additional six to 10 cm of concrete was placed along the 
sides and between the enclosures. The concrete pad was used to permanently stabilize the load cell 
enclosures. 
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4.2.3 ZT Sampler Data 

The sampling of interstitial water shall follow guidelines set forth in EMD SOP GT.20; 
“Procedures for Soil Interstitial Water Sampling and Sampler Installation,” EMD Manual Operation 
SOP, Rev. 2; Dated: March 1, 1992. Section 9.0, “Collection of Interstitial Waters.” 

Pre-installation load cell calibration information and data is presented in Appendix IV. The 
electronic version of the load cell calibration data is contained on the SSG-SNBK Bernoulli data 
diskette. See Appendix X, ‘Loadcell Calibration Data Location’ for details. 

4.2.4 ZT Sampler Problems and Solutions 

Over fifty data points were used to find the relationship between the milliVoltNolt output of the 
load cells and the corresponding amount of water weighed by the load cell. The data was gathered 
during 1993 (Julian Days 84 - 207). Each data point was dependent on three factors: (1) the 
vblume of water collected, (2) the milliVoltNolt value just after the previous sampling period 
(called the baseline reading), and (3) the milliVoltNolt value just before the current water collection 
(called the final reading). The baseline reading was subtracted from the final reading to give the 
change in milliVoltsNolt which was then compared to the volume of water collected. 

@ 

Although there were 11 1 data points available for analysis, about sixty were considered invalid due 
to insufficient data. All data points from the first sampling were omitted because a baseline reading 
had not been established. Many readings taken during the rain simulations were also invalid 
because no baseline reading could be established. Rain simulations would usually begin 
immediately after the load cells had been drained for sampling. This practice hindered an accurate 
baseline reading because the load cells were monitored every 1.5 hours by the datalogger. 
Therefore, the “baseline” reading could occur up to 1.5 hours into the rain simulation, allowing 
sufficient time for water to flow to the load cells and deviate the baseline reading. Occasionally, 
the load cell would not function properly, giving a systematic error reading of -6999, thus 
preventing the establishment of a baseline and final reading. System failure primarily resulted from 
faulty wiring, environmental degradation of the equipment, insufficient battery voltage, internal 
failure of the multiplexors and possibly the load cells. 

@ 
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The correlation for all load cells is shown in Figure 4.2.4-1. A least squares fit line (y=.573*x; 

r2=.57) was calculated for the data points. When no water enters the load cell, there is no increase 
in the load cell reading; hence, the y-intercept for the least squares line is zero. 

To obtain valid data points in the future, reliable baseline and final readings must be obtained. 
Rain simulations should start only after the datalogger has executed at least one cycle. System 
errors need to be minimized before sampling occurs by weather-proofing the equipment and 
checking all connections periodically. Battery voltage must be maintained in the 12 to 13 volt 
range by installing an additional solar panel for each battery. Accurate records need to be kept to 
show when sampling occurred according to the datalogger clock. 

4.2.5 Principles of Tensipn Soil Solution Sampler (TSSS) Operation 

TSSS, also known as pressure vacuum lysimeters, consisted of hollow, porous cylinders (5-pm 
and 10-pm pore size) made of polyethylene tetrafluoride (PTFE) (i.e., Teflon) connected to 0.16 
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cm I.D. polyethylene tubing (See Fig. 4.2.5-1). A TSS sampler collected soil solution at higher 
matric potentials (i.e., 5-40 P a )  than ZT samplers. Water samples were obtained by applying 
suction (i.e., vacuum) to the sampler through the polyethylene tubing. Before installation, each 
TSSS was immersed into a thin silica flour slurry (water:soil = 1O:l) where a vacuum was applied 
for a minimum of 15 minutes. This process filled the biggest pores of the sampler with small silica 
particles, that increased capillary contact between soil and sampler. Thus, its' hydrophobicity was 
reduced. The manufacturers' information on the TSSS is included in Appendix V. 

4.2.6 TSSS Installation and Calibration 

The automated tension sampler (TS) collection system consisted of (1) a vacuum pump enclosure 
that contained a pump, 12V DC battery, and controls; (2) an insulated box that contained the 
sample collection vessels, and (3) three 18-Watt photovoltaic panels used to recharge the 12-volt 
battery (See Fig. 4.2.6-1). The high vacuum pump enclosure (61 cm long x 35 cm wide x 51 cm 
high) was constructed of 1.3 cm thick, clear plexiglass that was joined with an acrylic cement. The 
v'acuum system consisted of a 7.0-amp diaphragm-type vacuum pump, 12-voltI675-amp marine 
battery, 3-solenoids, 4-solid state relays mounted onto two heat sinks, one in-line 10-amp fuse, a 
terminal strip, and a single lo00 ml glass bottle that functions as a plenum for the vacuum system 
and as an overflow collection vessel. All of these were mounted on 2 cm thick plywood. The 
insulated box consisted of a 61 cm long x 30 cm wide x 30 cm high cooler that contained six lo00 
ml sample collection vessels. 

0 

Each vessel collected the water drawn from a separate cluster. The vacuum enclosure was 
connected to the insulated box with a 46 cm length of 3.8 cm I.D. PVC pipe. The pipe was used 
to cover the 0.95 cm I.D. polyethylene tubing that ran from the vacuum box to the insulated box. 
Three photovoltaic panels (SOLAREX Model MSX-18R) were mounted onto a wooden structure 
at the end of each pit to automatically recharge the battery. The orientation of the three solar panels 
were 45, 50; 90, 50; 135, 50 and faced southeast, south, and southwest, inclined approximately 
50 degrees from horizontal. The tubing and wiring connections to the vacuum enclosure were 
protected from the weather and wildlife with 1.3 cm I.D. flexible conduit. 



I Deep-cycle marine battery 

PVC 
pipe '-.. not  shown 

I) THERMO-BOX 

'6.3 mm I.D. vinyl tubing 

I- 

I 

- 
,t i g u r e  4 2 5 -  1 Tension Sampler Pumping Assembly Plan View 
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4.2.7 Clusters 

A cluster (previously referred to as a fluxmeter) consisted of three components: (1) three TSs, (2) 
four Time Domain Reflectometry (TDR) moisture probes, and (3) the TS collection system. The 5 
or 10 pm TSs were first installed into the pit wall. Four TDR probes (a TDR probe consisted of 
two wave guides) were placed and then connected to twin cable leads. *Two clusters were installed 
into each soil horizon. 

A TS (a hollow, porous cylinder made of Teflon) was attached to a vacuum source. When a 
vacuum was applied, water was sucked from the soil through the porous cylinder into a collection 
vessel. Before installation, the TSs were saturated in distilled water for a minimum of thirty 
minutes. 

0 To install the TSs, a clean soil core sampling tool (SoilMoisture Equipment Corp., Model 200-A) 
was driven into the pit wall using a slide hammer. The soil core was placed into a plastic tub 
w'here distilled water was added to make a slurry. The TS was placed into the core-hole and filled 
wjth the slurry. To install the wave guides, a spare 30 cm guide was hammered into the pit wall 
then removed leaving a shaft into which the wave guide was pressed. The twin lead of the TDR 
cable was then connected to corresponding pairs of wave guides. The tension sampler tubing was 
then inserted into 1.9 cm I.D. flexible conduit for protection. The TDR cable was protected by 
placing it into 5.08 cm I.D. PVC pipe. The TDR cables were connected to a cable tester through 
three levels of multiplexors. 

Tables 4.3.1-1 through 4.3.1-5 in Section 4.3.1 list the installed locations for the TS and TDR 
probes, pore size of the tension sampler, and TDR probe length. It also notes if the TDR wave 
guides are covered with electrical shrink tubing. The TS alphanumeric designation denotes pit 
number, TS, pore size (05 or 10 designating 5 or 10 km, respectively), and cluster location (1 or 
2, designating left or right, respectively). The TDR probe alphanumeric designation denotes pit 
number, TDR, horizon, cluster location and probe number (i.e., 1, 2, 3, or 4). For example: 
03TDR223 represents Pit 3, TDR, Horizon 2, Location 2, Probe 3. The column listing "Covered" 0 registers whether or not the TDR probe was covered with electrical shrink tubing. 
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4.2.8 TSSS Problems and Solutions 

The TSs had a consistent problem with maintaining their maximum vacuum of 20 inches Hg gage 
pressure for more than five minutes after the pumps were shut-off. There were many sources for 
this problem including the solenoids, wiring, fuses, battery, tubing, and the airtight sealant around 
the tubing and connections. At Pit 3, where the tension sampler investigations were concentrated 
because this is where the rain simulations began, the 12-amp fuse would always blow out. 

After checking the amperage requirements for the pump and solenoids with a voltmeter, the 
problem was pinpointed to the Level 3 solenoid. It was drawing over 23 amps when it should 
have only drawn 0.69 amps according to the manufacturers specifications. After the 
malfunctioning solenoid was replaced, the fuse did not blow out. Additionally, the 10-amp 
wiring, fuse, and fuse holder were replaced at all five pits with 15-amp wiring, fuses, and fuse 
holders to provide a greater buffer against equipment that may surge and draw more current than 
specified and blow out a fuse. 

1 

Investigations are continuing into using a pulsing solenoid that requires a brief power pulse to 
switch it open or closed but does not require power to stay open. Thus, the constant power drain 
on the batteries is reduced. When the power is shut-off to the solenoids, the solenoid automatically 
closes. However, it is unknown how to keep track of when the pulsing solenoid is open or closed 
since there is no default setting. This may possibly interfere with data collection because the 
solenoid may inadvertently close allowing no water to be collected. 

The 675 series marine battery at Pit 3 did not provide sufficient power for prolonged operation of 
the solenoids and TS pump. With just the pump operating, the battery voltage dropped to 5.4 volts 
direct current within five minutes; ideally, the battery should remain at 14 volts. With the three 
solenoids on during pumping, the battery will obviously drain faster. To remedy this, the 675 
marine batteries were replaced with fresh batteries. The battery operates most efficiently at 60" - 
80"F, but its life will shorten to six months when exposed to temperatures over 100°F. Since the 
battery was enclosed in a clear k i t e  container, the temperature could easily have exceeded 100°F 
on a hot sunny day, thus reducing life expectancy. To prevent overheating in the lucite container, a 
two-inch ventilation hole was drilled in the upper side of the container and covered with netting to 
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keep out bugs and debris. The ventilation hole reduced interior temperatures and also dispersed the 
hydrogen discharge that occurs during battery recharge from the solar panels. 

Replacing the solenoid, batteries, and wiring ensured that the pumps would pump at maximum 
pressure. However, it did little to maintain the TS vacuum once the pump was turned off by the 
datalogger. At Pits 2 and 4, the vacuum in the tension samplers for all the solenoids would return 
to atmospheric pressure thirty seconds after the pump was shut-off. At Pit 3, the vacuum held for 
25 minutes for Solenoids 1 and 3 and 1.5 minutes for Solenoid 2. The tubing was replaced at Pit 4 
but the TS showed no improvement as it lost its vacuum in thirty seconds. To isolate the problem, 
vacuum tests at Pits 1,3, and 4 were performed and found that the pumps produced, and 
indefinitely maintained, 18” Hg pressure between the pumps and the collection bottles. Therefore, 
the leaks were between the collection bottles and the TSs. Nonetheless, the connections between 
the collection bottles and the pump were sealed with teflon tape to prevent air leakage. 

0 At Pit 4, the TS tubing had not been placed in conduit to protect it from the environment. Thus, 
tbe tubing and connections were weakened, possibly causing air leakage. The above-ground 
tubing and connections were replaced and inserted in the conduit. The in-line barbs used to 
connect the tubing were found to be a source of leakage and replaced. The existing tubing was 
replaced with larger tubing that had an inner diameter equal to the exterior diameter of the TS 
tubing. The tubing was then “sleeved” together. The individual TSs were isolated for each pit and 
subjected to a vacuum test to determine the extent and duration of the vacuum after pumping 
ceased. When problem TSs were found, the tubing and in-line barbs were replaced with the larger 
tubing and tested again. 

Vacuum tests were performed for the TSs for all five pits. This included disconnecting the 
collection bottles from the TSs and hooking a hand-held vacuum pump to the TS tubing. The 
pump was turned on until the gage pressure for the TS reached 18” Hg gage. The pump was then 
turned off and the length of time that it took the TS to reach 2” Hg gage was recorded. For Pits 1, 
2, and 3, the gage pressure was recorded if 15 minutes of time elapsed; this was done to conserve 
time since Pit 5 had TSs that took up to 78 minutes to lose their vacuum. The vacuum test results 
for the TSs for all five pits are in Table 4.2.8-1 e 



@ ENVIRONMENTAL RESTORATION Document Number: RFP/E RM-94-0002 1 
PROGRAM DIVISION Section: 4.0, Rev. 0 
OU2 Closure Soil Studies Scientific Notebook Page: 31 of 87 

Pit Number 

Table 4.2.8-1 Tension Sampler Vacuum Tests 

TS Number 

Pit 1 

Pit 1 

Pit 1 

I 

Pit 1 

Pit 2 

Pit 1 

~~ 

01 TS0531 
01 TS0532 
01 TS0533 

01TS0541 
01 TS0542 
01 TS0543 

0 1 TS055 1 
0 1 TS0552 
0 1 TS0553 

01TS0561 
01 TS0562 
01 TS0563 

02TSL0511 
02TSL0512 
02TSL0513 

01TS0511 
01 TS0512 
01TS0513 

15" + 2" 
15" + 2" 
15" + 2" 

15" + 2" 
15" + 2" 
15" + 2" 

18" + 2" 
18" + 3.5" 
18" + 2" 

18" + 2" 
18" + 2" 
18" + 7" 

18" + 2" 
18" + 2" 
18" + 2" 

18" + 2" 
18" + 8.5" 
18" + 2" 

18" + 17" 
18" + 8.5" 
18" + 11.5" 

18" + 2" 
18" + 2" 
18" + 2" 

Pit 1 

43 s 
41 s 
39 s 

28 s 
31 s 
33 s 

12m40s 
15 rn 
5rn34s 

7rn38s 
8m505 
7m405 

15 rn 
8m135 
10m55 

9m55 
15 m 
lOrn20s 

15 m 
15 m 
15 m 

4m555 
2m75 
1 m 1 5 s  

01TS0521 
01 TS0522 
01 TS0523 

Pit 2 
~~~ 

02TSR1011 
02TSR 1 0 1 2 
02TSR 1 01 3 

Pit 2 02TSLO521 
02TSL0522 
02TSL0523 

Pit 2 02TSR1021 
02TSR1022 
02TSR1023 

Pit 2 

Pit 2 

02TSL0531 
02TSL0532 
02TSL0533 

02TSR1031 
02TSR1032 
02TSR 1033 

_ _ _ _ ~  ~ 

Vacuum StarVEnd Point (Gage In. of Mercury) I Duration (Minutes, Seconds) 

15" + 2" 
15" + 2" 
15" + 2" 

1 m23s 
1m125 
1 m24s 

15" + 2" 
15" + 2" 
15" + 2" 

.31 s 
23 s 
26 s 

15" + 2" 
15" + 2" 
15" + 2" 

48 s 
51 s 
51 s 

15" + 2" 
15" + 2" 
15" + 2" 

36 s 
33 s 
34 s 
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Vacuum StarVEnd Point (Gage in. of Mercury) 

18" + 16.5" 
18" + 4.5" 
18" + 3" 

18" + 18" 
18" + 17" 
18" + 17.5" 

18" + 2" 
18" + 2" 
18" + 2" 

18" + 2" 
18" + 16" 
No Data 

18" + 16" 
18" + 2" 
18" + 15" 

18" + 2" 
18" + 2" 
18" + 2" 

13" + 2"* 
13" + 2"* 
13" + 2"* 

13" + 2"' 
18" + 2" 
18" + 2" 

18" + 2" 
18" + 2" 
18" + 2" 

Table 4.2.8-1 (cont) 

Duration (Minutes, Seconds) 

15 rn 
15 rn 
15 rn 

.15 rn 
15 rn 
15 rn 

31775s 
5rn37s 
4rn35 

11 rn47s 
15 rn 
No Data 

15 rn 
1 rn23S 
15 rn 

7rn48s 
2m125 
13m 50 s 

No Data 
No Data 
No Data 

No Data 
<30 s 
<30 s 

1 rn40s 
4rn14s 
3rn33s 

Pit 3 03TSR1011 
03TSR1012 
03TSR1013 

Pit 3 03TSL1011 
O3TSLl 01 2 
03TSL1013 

Pit 3 03TSR1021 
OSTSRlO22 
03TSR1023 

Pit 3 03TSL1021 
03TSL1022 
03TSLlO23 

Pit 3 

i 

03TSR1031 
03TSR 1 032 
03TSR1033 

Pit 3 03TSL1031 
03TSL1032 
03TSL1033 

Pit 4 04TS0511 
04TS0512 
04TS0513 

Pit 4 04TS1011 
04TS1012 
04TS1013 

Pit 4 04TS0521 
04TS0522 
04TS0523 

Pit 4 04TS102 1 
04TS1022 
04TS1023 

<305 
2m55 
1 rn38s 

18" + 2" 
18" + 2" 
18" + 2" . 

Pit 4 04TS0531 
04TS0532 
04TS0533 

8rn50s 
7rn95 
12rn15.s 

18" + 2" 
18" + 2" 
18" + 2" 

Pit 4 
~ 

04TS1031 
04TS1032 
04TS1033 

<30 s 
6m35 
3m14s  

18" + 2" 
18" + 2" 
18" + 2" 
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TS  Number Vacuum StarVEnd Point (Gage In. of Mercury) Duration (Minutes, Seconds) 

05TS0511 18" + 2" 9rn33s 
05TS0512 18" + 2" 2m30s  
05TS0513 18" + 2" 2m20s  

05TS1011 18" + 2" ,26 m 
05TS1012 18" + 2" 21 rn 
05TS1013 18" + 2" 78 rn 

05TS0521 18" -+ 2" 30 rn 
05TS0522 18" + 2" 14m10s  
05TS0523 18" + 2" 23 m 50 s 

05TS1021 18" -+ 2" 18rn30s 
05TS1022 18" -+ 2" 16rn15s 
05TS1023 18" -+ 2" 8m15 s  

05TS0531 18" -+ 2" 2rn43s 
05TS0532 18" -+ 2" 7rn4s 
05TS0533 18" -+ 2" 2m35s  

05TS1031 18" -+ 2" 18 m 
05TS1032 18" -+ 2" 11 rn 
05TS1033 18" -+ 2" 10 m 



0 ENVIRONMENTAL RESTORATION Document Number: R FP/ERM-94-0002 1 
PROGRAM DIVISION Section: 4.0, Rev. 0 
OU2 Closure Soil Studies Scientific Notebook Page: 34 of 87 

4.3 SOIL MOISTURE 

4.3.1 Principles of Time Domain Reflectometry (TDR) Operation 

TDR is a relatively new method of determining volumetric soil moisture content. The TDR system 
used for this application consisted of 

Cable Tester (Tektronix 1502B) 

50 Ohm Coaxial Cable (Belden No. 82 19) 

50 Ohm Coaxial Multiplexer (Campbell Scientific SDMX-50) 

0 Balancing Transformers or Balun (Campbell Scientific) 

' Parallel Transmission Cable (RGU58) 

0.3 cm Diameter Wave Guides (30 cm) 

The cable tester incorporated a fast rise voltage pulse generator and an oscilloscope type viewing 
screen. Signals from the pulse generator propagated without reflection through the hierarchy of 
coaxial cables and multiplexers to an individual line. The individual line consisted of a coaxial 
cable running from a multiplexer to a balun. Parallel transmission cable ran from the balun to the 
waveguides. The balun matched the impedance of the parallel transmission cable to the coaxial 
cable which reduced any potential reflection. One wave guide was attached to each of the two 
wires at the end of the parallel transmission cable. The waveguides were placed horizontally into a 
soil horizon. The signal travelling outward to the waveguides and the reflection from the ends of 
the waveguides was attenuated according to the materials between the waveguides. 

The characteristic that determines the amount of attenuation is referred to as the dielectric constant. 
If the dielectric constant of the material is high, the signal propagates slower. Typical dielectric 

@ constants of air are 1, minerals in soil is 2-3, and water is 80. Considering soil as the surrounding 
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medium, the dielectric constant of soil water was much higher than its other constituents. A signal 
within a wet or moist soil propagated slower than in the same soil when dry. (Ionic conductivity 
affected the amplitude of the signal but not the propagation time). For further discussion see 
“Phase 11 RFI/RI Report 903 Pad, Mound and East Trenches Area Operable Unit No. 2, Volume 
9, Appendix D, Attachment 5 - Time Domain Reflectometry.” 

Thus, moisture content was determined by measuring the propagation time over a fixed length 
probe tie., waveguide) embedded in the soil. The clay content in most of the diagnostic horizons 
of the five soils under study exceeded thirty percent. Thus, attenuation of the signal was too great 
and no reliable readings of dielectric constant were determined for the soil. To increase the 
dielectric constant of the media between the waveguides, electrical shrink tubing was placed upon 
the waveguides. The tubing’s dielectric constant increased the overall dielectric constant perceived 
by the waveguide so that the pulse was not attenuated beyond interpretable levels. Moisture 
content was determined through different dielectric constants that the probes read in the soil. TDR 
probe installation information from Pits TR-1 through TR-5 is included in Tables 4.3.1-1 through 
4.3.1-5. 

4:3.2 TDR Installation and Calibration 

Individual TDR ‘probes were verified for accuracy before field installation. Verification was 
accomplished by relating the TDWdatalogger measured percent water to soil (i.e., by volume), to 
the percent water to soil (i.e., by volume) calculated by weight measurements using a Mettler brand 
electronic scale at increasing volumetric moisture content. The accuracy verification of a TDR 
probe was completed in three steps: (1) the establishment of a control volume, (2) the 
establishment of a baseline weight of dry soil, and (3) the addition of water to the baseline weight 
of dry soil and calculation of the volumetric moisture content. The procedure used, as well as the 
analytical results, are included in Appendix V. Due to the repetitious nature of the probe, accuracy 
verification results are contained in the TDRCAL Directory on the SSG-SNBK Bernoulli data 
diskette. See Appendix XI, ‘TDR Calibration Data Location’ for details. 
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28 

12 
20 
27 
27 
40 
48 
55 
55 

41 
49 
56 
56 
67 
75 
82 
82 
66 
74 
81 
81 
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150 Yes 
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455 Yes 
455 Yes 
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462 Yes 
95 Yes 
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88 Yes 
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31 5 Yes 
31 5 Yes 
308 Yes 
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208 Yes 
201 Yes 
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380 Yes 
373 Yes 
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Table 4.3.1-1 Trench TR-1 Tension Samplers and TDR Probes 

a 

Trench TR-1 

1 Tension Sampler! TDR Probes - 
Distance 
(cm) - 
143 
157 
150 

Depth' 
(cm) - 
17 
17 
28 

Distance * ="'I (cm) I Covered (Yes/No) 
Probe 
Length (cm 

30 
30 
30 
30 

Designation 
01TS051 
01TS0511 
01 TS0512 
01TS0513 
01TS101 
01TS1011 
01 TS1012 
OlTS1013 
01TS052 
01TS0521 
01 TS0522 
01 TS0523 
01TS102 
OlTS1021 
91TS1022 
01TS1023 
01TS053 
01 TS0531 
01 TS0532 
01 TS0533 
OlTSlO3 
01 TS1031 
01 TS1032 
01TS1033 

Designation 
OlTDRl l l  
OlTDR112 
OlTDR113 
01 TDR114 

01 TDRl21 
01TDR122 
OlTDRl23 
OlTDR124 

OlTDR211 
01TDR212 
OlTDR213 
01TDR214 

30 
30 
30 
30 

16 
16 
27 

448 
462 
455 

30 
30 
30 
30 

44 
44 
55 

88 
102 
95 

0 1 TD R22 1 
01 TDR222 
01TDR223 
01 TDR224 

30 
30 
30 
30 

45 
45 
56 

308 
322 
31 5 

OlTDR3l 1 
01TDR312 
OlTDR313 
01TDR314 

30 
30 
30 
30 

71 
71 
82 

20 1 
21 5 
208 
380 
373 
387 
380 

01TDR321 
01 TDR322 
01TDR323 
01 TDR324 

30 
30 
30 
30 

70 
70 
81 

Legend: 

1 Depths were measured from the distance below a cloth measuring tape stretched across the 
trench face. 

2 Distances were measured from a fixed stake at the far left side of trench. 



@ ENVIRONMENTAL RESTORATION Document Number: RFP/ERM-94-0002 1 
PROGRAM DIVISION Section: 4.0, Rev. 0 
OU2 Closure Soil Studies Scientific Notebook Page: 37 of 87 

I 83.8 200.7 
86.4 221.0 
91.4 203.2 

Table 4.3.1-2 Trench TR-2 Tension Samplers and TDR Probes 
Trench TR-2 I 

101.6 360.7 
104.1 375.9 

' 111.8 363.2 

Designation 

02TS051 
02TS0511 
02TS0512 
02TS05 1 3 

Designation 

02TDR111 
02TDR112 
02TDR113 
02TDR114 

02TS101 
02TS1011 
02TS1012 
02TS1013 

Probe Depth' Distance ' 
Length (cm) (cm) (cm) Covered (Yes/No) 

30 7.6 35.6 No 
30 16.5 35.6 No 
30 20.3 30.5 No 
30 22.9 43.2 No 

02TS052 
02TS0521 
02TS0522 
02TS0523 

12.7 
14.0 
22.9 

02TS102 
02TS1021 
,02TS1022 
02TS1023 

25.4 
40.6 
35.6 

02TS053 
02TS0531 
02TS0532 
02TS0533 

10.2 
12.7 
25.4 

02TS103 
02TS 1 03 1 
02TS 1 032 
02TS1033 

106.7 
124.5 
111.8 

Tension SamDlers 

02TDR121 
02TDR122 
02TDR123 
02TDR124 

Depth' Distance ' 
(cm) I (cm) 

30 
30 
30 
30 

10.2 
20.3 
20.3 
27.9 

119.4 
121.9 
109.2 
121.9 

35.6 
35.6 
48.3 

83.8 
96.5 
83.8 

02TDR212 
02TDR213 
02TDR214 

30 
30 
30 

TDR Probes 

33.0 
38.1 
43.2 

254.0 
269.2 
264.2 

02TDR221 
02TDR222 
02TDR223 
02TDR224 

30 
30 
30 
30 

No 
No 
No 
No 

25.4 
35.6 
40.6 
43.2 

02TDR211 I30  125.4 I 91.4 I No 

264.2 
264.2 
254.0 
271.8 

02TDR311 
02TDR312 
02TDR313 
02TDR314 

02TDR321 
02TDR322 
02TDR323 
02TDR324 

30 76.2 203.2 No 
30 86.4 205.7 No 
30 91.4 198.1 No 
30 86.4 221.0 No 

30 91.4 370.9 No 
30 101.6 370.8 No 
30 111.8 358.1 No 
30 111.8 375.9 

35.6 94.0 No 
45.7 76.2 No 
43.2 1 99.1 1 No 

No 
No 
No 
No 

Legend: 

1 Depths were measured from the distance below a cloth measuring tape stretched across the 
trench face. 

2 Distances were measured from a fixed stake at the far left side of trench. 
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, 68.6 210.8 
~ 69.9 233.7 
188.9 226.1 

Table 4.3.1-3 Trench TR-3 Tension Samplers and TDR Probes 
Trench TR-3 I 

S 

2 
I. 

-. 

-. 

-. 

-. 

- 

Designation 
03TS101 
03TS1011 
03TS1012 
03TS1013 

03TS101 
03TS1011 
03TS1012 
03TS1013 
03TS102 
03TS1021 
03TS1022 
03TS1023 

Designation 
03TDR111 
03TDR112 
03TDR113 
03TDR114 
03TDR 1 2 1 
03TDR122 
03TDR123 
03TDR124 
03TDR211 30 
03TDR212 30 
03TDR213 30 
03TDR214 30 
03TDR221 30 
03TDR222 30 
03TDR223 30 
03TDR224 30 

03TDR311 30 
03TDR312 30 
03TDR313 30 
03TDR314 30 

03TS102 
03TS1021 
03TS1022 
b3TS1023 

, 2.5 396.2 

D3TS103 
O3TS1031 
03TS1032 
03TS1033 

Depth' 
(cm) 
12.7 
25.4 
30.5 
31.8 

03TS 1 03 
03TS1031 
03TS1032 
03TS1033 

Distance * 
(cm) Covered (Yes/No) 

20.3 Yes 
21.6 Yes 
17.8 Yes 
27.9 Yes 

Legend: 

1 Depthswc 
trench facc 

22.9 
19.1 
30.5 

10.2 
11.4 
17.8 

22.9 
22.9 
40.6 

Tension SamDler 

10.2 
22.9 
20.3 

388.6 
406.4 
398.8 

210.8 
226.10 
221.0 

11.4 
19.1 
14.5 

396.2 
391.2 
403.9 

16.5 
29.2 
40.6 
38.1 

221.0 
221.0 
213.4 
226.1 

e measured from 1 

33.0 
33.0 
45.7 

368.3 
386.10 
378.5 

TDR Probes I 

26.7 
36.8 
48.3 
47.0 

Probe 
Length (cm) 
30 
30 
30 
30 
30 
30 
30 
30 

378.5 
378.5 
365.8 
381.0 

66.0 
66.0 
73.7 

142.2 
160.0 
154.9 

Yes 
Yes 
Yes 
Yes 

66.0 
68.6 
81.3 
83.8 

149.9 
154.9 
147.3 
157.5 

Yes 
Yes 
Yes 
Yes 

03TDR321 
03TDR322 
03TDR323 
03TDR324 

30 63.5 226.1 Yes 
30 78.7 221.0 Yes 
30 88.9 219.7 Yes 
30 92.7 231.1 

Yes 
Yes 
Yes 
Yes 

Yes 
Yes 
Yes 
Yes 

2 Distances were measured from a fixed stake at the far left side of trench. 
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Table 4.3.1-4 Trench TR-4 Tension Samplers and TDR Probes 
Trench TR-4 

I Tension Samplers I TDR Probes 

Distance 
(cm) 

Probe Depth’ I Distance 
Covered (Yes/No) Designation 

04TS051 
04TS0511 
04TS0512 
04TS0513 

Designation 

04TDR111 
04TDR 1 12 
04TDR113 
04TDR114 

Length (cm) 

30 No 
No 
No 
No 

15.2 
12.7 
27.9 

76.2 
88.9 
86.4 

30 
30 
30 20.3 

51 8.2 04TS101 
04TS1011 
04TS 1 01 2 
04TS1013 

04TDR 1 2 1 
04TDR122 
04TDR123 
04TDR124 

30 
30 
30 
30 

No 
No 
No 
No 

15.2 
12.7 
27.9 

51 0.5 
528.3 
51 3.1 

04TS052 
04TS0521 
04TS0522 
04TS0523 

04TDR211 
04TDR212 
04TDR213 
04TDR214 

30 
30 
30 
30 

35.6 
40.6 
40.6 
50.8 

322.6 
312.4 
330.2 
322.6 

Yes 
Yes 
Yes 
Yes 

33.0 
37.9 
43.2 

31 2.4 
320.0 
322.6 

04TS102 
04TS 1 02 1 
04TS1022 
‘04TS1023 

04TDR221 
04TDR222 
04TD R223 
04TDR224 

30 
30 
30 
30 

33.0 
38.1 
40.6 
43.2 

41 6.6 
41 9.1 
403.9 
421.6 

Yes 
Yes 
Yes 
Yes 

33.0 
33.0 
45.7 

401.3 
419.1 
41 1.5 

,04TS053 
04TS0531 
04TS0532 
04TS0533 

04TDR311 
04TDR312 
04TDR313 
04TDR314 

30 
30 
30 
30 

241.3 
231.1 
228.6 
243.8 

Yes 
Yes 
Yes 
Yes 

Yes 
Yes 
Yes 

66.0 
71.1 
94.0 
94.0 

66.0 
76.2 
78.7 
78.7 

71.1 
66.0 
78.7 

233.7 
246.4 
241.3 

04TS103 
04TS 1 031 
04TS1032 
04TS1033 

04TDR32 1 
04TDR322 
04TDR323 
04TDR324 

30 
30 
30 
30 

330.2 
327.7 
320.0 
332.7 

73.7 
76.2 
78.7 

312.4 
335.3 
327.7 

Legend: 

1 Depths were measured from the distance below a cloth measuring tape stretched across the 
trench face. 

2 Distances were measured from a fixed stake at the far left side of trench. 
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Designation 
05TS051 
05TS0511 
05TS0512 
05TS0513 

05TS101 
05TS1011 
05TS1012 
05TS1013 

05TS052 
05TS0521 
05180522 
05TS0523 
05TS102 
05TS1021 
05TS1022 
05TS1023 
05TS053 
05TS0531 
05TS0532 
05TS0533 
05TS103 
05TS1031 
05TS1032 
05TS1033 
Legend: 
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Trench TR-5 i 
Tension Samplers 

Depth' Distance 
(cm) (cm) 

14 3 
13 13 
18 30 

23 298 
23 31 8 
34 307 

24 400 
38 392 
38 408 

28 473 
41 463 
41 480 

61 119 
61 .135 
73 127 

61 326 
61 342 
73 334 

TDR Probes I 

Designation 
05TDR111 
05TDR112 
05TDR113 
05TDR114 

Probe Depth' 
Length (cm) (cm) 
20 20 
20 18 
20 18 
20 25 

Distance 
(cm) 
3 
10 
20 
28 

23 
30 
30 
39 

Covered (YesINo) 
No 
No 
No 
No 

05TDR121 
05TDR122 
05TDR123 
05TDR124 

23 
23 
30 
46 

15 
15 
15 
15 

05TDR211 
05TDR212 
05TDR213 
05TDR214 

308 
301 
31 5 
308 

30 
30 
30 
30 

No 
No 
No 
No 

05TDR221 
05TDR222 
05TDR223 
05TDR224 

30 
30 
30 
30 

393 
407 
400 
400 

28 
28 
35 
46 

Yes 
Yes 
Yes 
Yes 

466 
479 
473 
473 

05TDR311 
05TDR312 
05TDR313 
05TDR314 

30 
30 
30 
30 

Yes 
Yes 
Yes 
Yes 

56 
65 
79 
79 

127 
127 
120 
134 

05TDR321 
05TDR322 
05TDR323 
05TDR324 

Yes 
Yes 
Yes 
Yes 

30 
30 
30 
30 

56 
65 
79 
79 

334 
334 
327 
341 

Yes 
Yes 
Yes 

1 Depths were measured from the distance below a cloth measuring tape stretched across the 
trench face. 

2 Distances were measured from a fixed stake at the far left side of trench. 
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4.3.3 TDR Data 

The TDR soil moisture data is in the form of percent volumetric soil moisture. The Campbell 
Scientific Inc. (CSI) datalogger used the Ledieu (1986) algorithm to interpret waveforms from the 
cable tester into a value of soil matrix dielectric constant and then into volumetric soil moisture 
content. 

The CSI datalogger executed every 1.5 hours. Each probe required 45 to 90 seconds to evaluate. 
The 1.5 hour interval was the shortest regular interval, for a 24-hour cycle, which could be 
performed. The data collected was of the highest temporal resolution possible for the configuration 
used. 

The TDR soil moisture data is contained in the Soil Directory on the SSG-SNBK Bernoulli data 
diskette. See Appendix XI, 'TDR Soil Moisture Data Location' for details. a 
4.3.4 TDR Problems and Solutions 

It'was necessary to modify the TDR system to obtain results at RFETS. Soil composition 
consisted of a significantly high proportion of clay. The dense clay material apparently was able to 
deplete the signal'to the point at which no rebound was created in the waveform and, therefore, the 
waveform was not interpretable. By insulating the probes, the necessary rebound was obtained. 
Analysis of data collected indicated that there was no significant loss in sensitivity of the probes 
which were insulated as opposed to standard probes. 

The TDR system was periodically plagued by what appeared to be diurnal effects. For several 
periods, the TDR data collected during the night would consist entirely of out-of-range values. 
The issue is still being investigated. The legitimate values collected during the daytime seemed to 
be unaffected and produced output which appeared to be valid. 
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4.4  MATR I C POTENTIAL 

4.4.1 Principles of Tensiometer Operation 

Tensiometers operate by allowing water within the tensiometer to equilibrate with water in the soil 
through a porous ceramic cup (See Fig. 4.4.1-1). A tensiometer consists of the ceramic cup, a 
tube that connects the cup to the ground surface, and a cap that seals the top of the tube. 

The forces of matric potential provide a suction that draws water from the interior of the 
tensiometer until an equivalent vacuum is created within the tensiometer. Matric potential (or 
“tensiometer pressure potential,” Jury, et al., 1991) is a component of water potential. It is related 
to the adsorptive forces of the soil matrix and is formally defined as the energy per unit volume 
required to transfer reversibly and isothermally an infinitesimal amount of solution containing 
solutes from a reservoir of solution at reference pressure and elevation (i.e., the water table) to the 

@ point of interest in the soil (Jury, et al. 1991). 
I 

Water potential is formally defined as the amount of work that a unit quantity of water in an 

equilibrium soil-water system is capable of doing when it moves to a pool of water in the reference 
state at the same temperature (Hanks and Ashcroft, 1980). The water table is usually chosen as the 
reference state. At points above the water table, this quantity has a negative value (Le., vacuum). 
The negative pressure of the tensiometer solution is proportional to the matric potential. This 
vacuum varies with changes in soil water content. The vacuum may be measured by a pressure 
transducer, mechanical vacuum gauge, or manometer ported to the interior of the tensiometer. It 
may be converted into units (i.e., Pascals, bars, psi, and atmospheres) that are commonly used to 
characterize the energy state of groundwater. 
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4.4.2 Tensiometer Installation 

A total of 119 tensiometers were installed in the field immediately adjacent to and upslope from the 
pits. They were arranged in clusters of five (some variation occurs between pits) so that each 
cluster was located opposite a tension infiltrometer measuring station (See Fig. 4.4.1-1). In each 
cluster, a tensiometer monitored matric potential in each of the five sodahorizons that were tested by 
the infiltrometer. The matric potential data was used in conjunction with the hydraulic 
conductivities obtained from adjacent infiltrometer experiments to calculate unsaturated hydraulic 
conductivity and other parameters. 

Tensiometer installation followed guidelines described in the RFETS Operable Unit (OU2) SOP 
GT.27, “Field Use of Tensiometers” included in Appendix VII. Tensiometers were installed into 
holes in undisturbed soils that were hand augured to a the depth of a targeted soil horizon. 
Tensiometers were inserted into the augured holes so that the ceramic cup was in direct contact a with the surrounding soil. Because the interaction of vegetation with soil affected matric potential, 
care was taken to prevent damage to surrounding plants and to the soil column. All installation 
operations were conducted from a scaffold 0.5 m wide by 6 m long elevated 15 cm above the 
ground surface. 

The specific depths for the installation of tensiometers were determined in one of two ways. 

1 j If the pit had already been excavated, the PI chose the depths based on observations of the soil 
profile exposed in the pit. 

2) At sites where the pit had not yet been excavated, exploratory holes were dug with a screw or 
bucket auger to elucidate the soil profile. 

Spoils were collected at 5 cm depth increments and laid out in a column to illustrate the 
stratigraphy. Depths were then chosen to gain matric potential data from the different soil horizons 
that appeared in the hole. 
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A variety of methods were required to install the tensiometers in the soils of the study area. 
Several types of hand augers were useful in creating holes for tensiometers. These included bucket 
and screw augers, sampling tubes, and core tubes. Bucket augers were most useful in loose (i.e., 
noncohesive) soils. Screw augers only worked well in soils that contained small (< 2 cm diam.) 
rocks and muddy soils. Sampling and core tubes were driven to the desired depth when dense, 
rocky soil was encountered. 

Bucket and screw augers created a hole that was larger than the outer diameter of the tensiometer. 
In these cases, the spoils from the hole were made into a slurry and poured back in around the 
tensiometer to seat it in place. In stratified soil colums, the spoils were separated by horizon and 
the tensiometer was installed. The soil column about the tensiometer was recreated by successively 
placing slurries of corresponding soil types down the hole. Due to the initial dry soil conditions, 
water from slurries temporarily reduced the matric potential of the surrounding soil, thus the 
collection of useful matric potential data was delayed for several weeks. Matric potential data 0 collected during the first two weeks after installation followed a drying curve representing dispersal 
of water emplaced during installation. 

Sampling tubes or lengths of steel pipe sharpened at one end worked well for tensiometer 
installation in most soils. Their outer diameter was chosen to be as close as possible to that of the 
tensiometer. A slide hammer or post-driver was used to insert the tubes into the ground. Because 
these tubes created a hole which fit tightly around the tensiometer, a slurry was not required. 
Deionized water was poured down into the hole, which eased tensiometer insertion and also 
improved contact between the soil and the ceramic cup. This type of installation was found to be 
less destructive to the soil and surrounding foliage than other methods used. 

When auguring through the surficial dry, silty loam, the augured hole tended to cave-in. A bucket 
auger with a small aperture was often necessary to retain soil that was withdrawn from the hole. 
To increase the cohesiveness of the soil and allow it to be removed, water was poured into the 
hole. Water also helped stabilize the walls of the hole. Thus, cave-ins were prevented. 

Rocks in the soils encountered at Pits 2 through 5 complicated tensiometer installation. The screw @ and bucket augers occasionally pushed rocks out of the way. However, they were often unable to 
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proceed, which forced abandonment of the hole. Rocks that protruded into the holes also cracked 
the ceramic cup of several tensiometers during insertion. 

The core tube, used almost exclusively at Pit 4, was capable of passing through the 20-30 cm thick 
rocky layer that occurred in varied intensities at all tensiometer locations. Rapid progress of the 
auger was permitted below the rocky layer because the soil was generally clayey and moist. At Pit 
5 the rocks encountered in the soils of the second horizon were too numerous. Thus, hand 
auguring was not permitted. An electric rock drill also attempted, but failed, to auger holes 
through the rocky horizon. To facilitate tensiometer installation, nine tensiometers were placed in 
excavations made previously during infiltrometer testing which were dug below the rocky horizon. 

Tensiometer installation data for Pits 1 through 5 are included in Tables 4.4.2-1 through 4.4.2-5. 
Tensiometers of five overall lengths, 41-, 71-, 102-, 132-, and 161 cm were installed at the five pit 
sites. At Pit 1 the five soil horizons identified, A, AB, Bt, Btk, and Btgk, were monitored at 
depths of lo-, 20-, 35, 50-, and 70 cm, respectively. The tensiometers were arranged in five 
clusters of five to seven tensiometers each except Pit 5 where three clusters of three tensiometers 
were installed. The clusters were placed approximately opposite and across the pit from the 
infiltrometer test sites. The clusters were evenly spaced and spanned the 5 to 6 m length of the 
pits. 

@ 

4.4.3 Tensiometer Data 

Tensiometer data was measured and recorded using a Tensicorder. A Tensicorder is a portable 
datalogger connected to a pressure transducer. Pressure (i.e., vacuum) was measured through a 
hollow needle attached to the transducer which penetrated the septum cap of the tensiometer. The 
actual water tension in the soil around the porous cup was the value on the data logger read-out 
(mbar x 1.02 cm watedmbar) minus the length (cm) of the water column in the tensiometer. Data 
collection procedures using a Tensicorder and resulting matric potential calculations are explained 
in SOP GT.27. 

The sampling of Tensiometers followed guidelines set forth in EMD SOP GT.3 1, " Field Use of 
@ Tensiometers." 
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Length 
41 

Tensiometer field data are included on the SSG-SNBK Bernoulli data diskette in the TENSZO 
Directory. See Appendix XI, 'Tensiometer Matric Potential Data Location' for details. 

Cup Depth' (cm) Location (x) Location (y) 
11.5 149.86 I 83.82 

Table 4.4.2-1 Trench TR-1 Tensiometers 

20.02 
35.7 
54.98 
77.06 
16.44 
22.12 
40.9 
52.78 
69.16 

Designation 
OlTS11 
01 TS12 
01 TS13 
01 TS14 
01TS15 

01TS21 
01 TS22 
01TS23 
0 1 TS24 
01TS25 

137.1 6 83.82 
11 9.38 86.36 
142.24 99.06 
1 19.38 109.22 

246.38 78.74 
233.68 78.74 
220.98 78.74 
243.84 99.06 
226.06 104.14 

01TS31 
0 1 TS32 
01 TS33 
0 1 TS34 
01 TS35 

01TS41 
I 01TS42 

01 TS43 
01 TS44 
01TS45 

01TS51 
01 TS52 
01TS53 
01 TS54 
01TS55 

Trench TR-1 Tensiometers 

71 
102 
132 
161 

41 
71 
102 
132 
161 

41 
71 
102 
132 
161 

19.54 
36.42 
36.5 
55.88 
67.86 

358.14 
345.44 
342.9 
325.12 
31 4.96 

93.98 
88.9 

109.22 
111.76 
81.28 

41 
71 
102 
132 
161 

41 
71 
102 
132 
161 

13.84 
23.72 
39.3 
56.1 8 
71.46 
9.24 
20.12 
26.2 
56.18 
73.46 

449.58 
439.42 
426.72 
41 6.56 
426.72 

556.26 
523.24 
535.94 

508 
51 5.62 

78.74 
71.12 
71.12 
78.74 
93.98 
109.22 
91.44 
101.6 
91.44 
109.22 

Legend: 

1 Below ground surface at location of each tensiometer. 
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134.62 
124.46 
109.22 
1 16.84 
137.16 

Table 4.4.2-2 Trench TR-2 Tensiometers 
I Trench TR-2 Tensiometers 

129.54 
1 19.38 
11 9.38 
129.54 
1 19.38 

Designation I Length I Cup Depth km) 

205.74 
193.04 
226.06 
231.14 
21 0.82 

02TS11 I 41 I 16.64 

129.54 
114.3 
132.08 
124.46 
1 16.84 

02TS12 
02TS 1 3 
02TS14 
02TS15 

02TS21 
02TS22 
02TS23 
02TS24 
02TS25 

02TS31 
02TS32 
02TS33 
02TS34 
02TS35 

02TS41 
02TS42 
02TS43 

' 02TS44 
02TS45 

02TS51 
02TS52 
02TS53 
02TS54 
02TS55 

71 
102 
132 
132 

41 15.24 
71 17.92 
102 45.8 
132 59.28 
132 65.88 

41 14.74 
71 23.32 
102 43.9 
132 56.78 
132 63.38 

41 18.64 
71 24.62 
102 45.3 
132 53.08 
132 69.88 

25.12 
34.6 
62.38 
78.88 

279.4 
269.24 
292.1 
281.94 
297.1 8 

373.38 
370.84 
360.68 
345.44 
360.68 

41 
71 
102 
132 
132 

152.4 
142.24 
157.48 
129.54 
142.24 

147.32 
129.54 
149.86 
139.7 
139.7 

16.94 
25.12 
38.6 
58.58 
71.88 

439.42 
452.12 
462.28 
444.5 
429.26 

162.56 
162.56 
149.86 
152.4 
149.86 

Location (x) Location (y) 

Legend: 

1 Below ground surface at location of each tensiometer. 
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Table 4.4.2-3 Trench TR-3 Tensiometers 
Trench TR-3 Tensiometers 

Desianation 

03TS11 
03TS12 
03TS13 
03TS14 
03TS15 
03TS16 
03TS17 

03TS21 
03TS22 
03TS23 
03TS24 
03TS25 
03TS26 
03TS27 

03TS31 
03TS32 
03TS33 
03TS34 

' 03TS35 
03TS36 

' 03TS37 

03TS41 
03TS42 
03TS43 
03TS44 
03TS45 
03TS46 
03TS47 

03TS51 
03TS52 
03TS53 
03TS54 
03TS55 
03TS56 
03TS57 

Length 

41 
41 
71 
102 
102 
132 
132 

41 
41 
71 
102 
102 
132 
132 

41 
41 
71 
102 
102 
132 
132 

41 
41 
71 
102 
102 
132 
132 

41 
41 
71 
102 
102 
132 
132 

Cup Depth '(cm) 

18.6 
23.5 
36 
44.2 
56.5 
70 
82.4 

14 
23.3 
34.4 
41.8 
53.8 
73 
82 

13.3 
14.1 
32.2 
43.3 
52.0 
69.0 
84.9 

14.3 
24.7 
34.2 
43.8 
58.9 
64.4 
85 

13.2 
23.8 
36.8 
42.8 
55.7 
68.1 
79.1 

Legend: 

1 Below ground surface at location of each tensiometer. 

Location (x) 

76.2 
76.2 
60.96 
96.52 

111.76 
106.68 

180.34 
167.64 
182.88 
187.96 
154.94 
205.74 
205.74 

231.14 
246.38 
269.24 
271.78 

254 
243.84 

254 

365.76 
340.36 
353.06 
327.66 
363.22 
337.82 
31 7.5 

41 6.56 
424.1 8 
388.62 
447.04 
464.82 
467.36 
439.42 

* 96.52 

Location (y) 
223.52 
233.68 
233.68 
220.98 
233.68 
215.9 
231.14 

233.68 
243.84 
246.38 
236.22 
236.22 
228.6 
241.3 

220.98 
246.38 
220.98 
233.68 
243.84 
220.98 
228.6 

220.98 
223.52 
238.76 
236.22 
238.76 
241.3 
238.76 

198.12 
190.5 

21 8.44 
208.28 
200.66 
21 8.44 
21 8.44 
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Trench 

Designation Length 
04TS11 41 
04TS 1 2 71 

71 04TS13 
04TS14 102 
04TS 1 5 102 
04TS21 
04TS22 
04TS23 102 
04TS24 102 

102 04TS25 

04TS31 41 
71 04TS32 

04TS33 102 
04TS34 71 
04TS35 102 

04TS41 41 
04TS42 71 

1 04TS43 71 
04TS44 102 
04TS45 102 

04TS5 1 41 
04TS52 71 
04TS53 71 
04TS54 102 
04TS55 102 

41 
71 

Legend: 

TR-4 Tensiometers 

Cup Depth ‘(cm) Location (x) Location (y) 
15 142.24 154.94 
31.6 149.86 152.4 
43.6 137.16 170.18 
59.1 ~ 175.26 170.18 
70.3 162.56 154.94 

11.6 233.68 167.64 
25.1 228.6 157.48 
62.7 243.84 152.4 
65.8 220.98 175.26 
69.3 21 3.36 157.48 

14 322.58 172.72 
28.9 31 7.5 147.32 
66.3 330.2 160.02 
34.8 294.64 172.72 
75.2 307.34 160.02 

13.4 408.94 149.86 
42.2 403.86 162.56 
45.6 396.24 149.86 
57.6 383.54 157.48 
66.6 391.16 165.1 

14.7 464.82 162.56 
26.9 482.6 157.48 
43.1 472.44 154.94 
69.8 485.14 157.48 
64.1 487.68 147.32 
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0 

Designation 
04TS11 
04TS 1 2 
04TS13 
04TS 14 
04TS15 

04TS21 
04TS22 
04TS23 
04TS24 
04TS25 

04TS31 
04TS32 
04TS33 
04TS34 
04TS35 

04TS41 
04TS42 

' 04TS43 
04TS44 

' 04TS45 

04TS51 
04TS52 
04TS53 
04TS54 
04TS55 

Legend: 

Table 4.4.2-5 Trench TR-4 Tensiometers 
Trench TR-4 Tensiometers 

Length Cup Depth '(cm) Location (x) Location (y) 
41 15 142.24 154.94 
71 31.6 149.86 152.4 
71 43.6 137.16 170.18 
102 59.1 175.26 170.18 
102 70.3 162.56 154.94 

41 11.6 233.68 167.64 
71 25.1 228.6 157.48 
102 62.7 243.84 152.4 
1 02 65.8 220.98 175.26 
102 69.3 21 3.36 157.48 

41 14 322.58 172.72 
71 28.9 31 7.5 147.32 
102 66.3 330.2 160.02 
71 34.8 294.64 172.72 
102 75.2 307.34 160.02 

41 13.4 408.94 149.86 
71 42.2 403.86 162.56 
71 45.6 396.24 149.86 
102 57.6 383.54 157.48 
102 66.6 391.16 165.1 

41 14.7 464.82 162.56 
71 26.9 482.6 157.48 
71 43.1 472.44 154.94 
102 69.8 485.14 157.48 
102 64.1 487.68 147.32 
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4.4.4 Tensiometer Problems and Solutions 

Problems encountered during installation of tensiometers were discussed in Section 4.4.2. 

The Tensicorder data storage protocol could not distinguish a measurement of zero pressure and a 
non-measurement. Thus, all data storage locations containing zeros in the Tensicorder were 
skipped when the data was downloaded. This shortcoming caused problems because some storage 
locations were skipped when the tensiometer to be measured was broken. Broken tensiometers 
could not be easily distinguished from those which were measuring saturated conditions. The data 
had to be examined manually and updated with zeros in the appropriate conditions. This flaw will 
disappear when pressure transducers are permanently dedicated to each tensiometer. 

Environment conditions can adversely affect tensiometer performance and damage tensiometers. 
Freezing weather can cause the tensiometer to freeze, destroying its ceramic cup. As a remedy, 
antifreeze shall be placed in the tensiometers. Experiments are being conducted to produce 
cklibration algorithms for different antifreezes in tensiometers. Once completed, these experiments 
shall be detailed in future revisions of this notebook. Occasionally, deer kick tensiometer shafts, 
breaking them. This problem is considered inconsequential and has not been addressed. Diurnal 
temperature variations may cause spurious trends in tensiometer output. Experimental designs to 
confront this problem are being evaluated. The experiments and their results shall be detailed in 
future revisions of this document once they are completed. 

0 

4.5 HYDRAULIC CONDUCTIVITY 

4.5.1 Principles of Tension lnfiltrometer Operation 

Tension infiltrometers were used to estimate unsaturated hydraulic conductivity in Pits 1 through 5. 
The two infiltrometers used were supplied by Soil Measurement Systems in Tucson, Arizona. One 
device (Unit No. 1) had a baseplate diameter (effective) of 8.4 cm and the other (Unit No. 2) was 
modified to accommodate a baseplate diameter of 22.6 cm. The larger base infiltrometer was 
predominately used throughout the testing except during the final pit (4) where both devices were 
used concurrently. Infiltrations were conducted at five near-equal spaced locations along the length 

a 
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I 

of the pit at the same soil horizons as the placement of interstitial soil solution samplers and 
tensiometers (See Tables 4.5.1-1 through 4.5.1-5). Testing was conducted along the pit wall 
opposite the installed soil solution sampling apparatus. At each of the 85 locations tested, steady- 
state (i.e., unconfined) infiltrations were measured at four tensions: 0-, 3-, 6-, and 15 cm water 
tension. 

Trench TR-1 lnfiltrometer Test Locations 

Test Number Horizon Depth' (cm) Distance (cm) Lotus 1-2-3 Filename 
1 A .  0 10.2 X1-01 .WK1 
2 A 0 91.4 X 1 -02. WK 1 
3 A 0 228.6 X 1 -03. WK 1 
4 A 0 350.2 X 1 -04. WK 1 
5 A 0 447.0 X 1 -05. WK1 
6 A 0 538.5 X1-06.WK1 
7 Bt k 40 40.6 X 1 -07. WK 1 
8 Btk 35 182.9 X 1 -08. WK 1 
9 Btk 38 406.4 X 1 -09. WK1 

i 10 Btk 38 495.3 XI-1 O.WK1 
11 Btg 45 152.4 X1-11 .WK1 
12 Btg 44 243.8 X1-12.WK1 
13 Btg 50 495.3 X1-13.WK1 

46 538.5 X1-14.WK1 14 Btg 
Legend: 

1 Depths were measured from the distance below a cloth measuring tape stretched across the 
trench face. 

2 Distances were measured from a fixed stake at the far left side of trench. 

Table 4.5.1-1 Trench TR-1 Infiltrometer Test Locations 
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14 

Table 4.5.1-2 Trench TR-2 In filtrometer Test Locations 

2Br/2Btg kl 

Test Number 

Horizon 
A 
A 
A 
A 
A 
AB 
Bw 
Bw 
Bw  
Bw  

Btg 
Btg 

Btg 

Btg 
Btg 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

Depth '(cm) Distance (cm) 
0 60 
0 1 70 
0 300 
0 400 
0 460 
10 75 
25 160 
30 260 
30 370 
30 470 
30 100 
40 160 
45 270 
50 375 
45 475 

Trench TR-2 lnfiltrometer Test Locations 
Horizon 

A 
A 
A 
A 
A 

Bw 
Bw 
Bt 
Bt 
Bt 

2Br 
2Br 
2Br 

Depth'(cm) 
0 
0 
0 
0 
0 
15 
20 
30 
35 
30 
45 
45 
45 
65 
55 

Distance (cm) 
30 
1 30 
250 
400 
550 
50 
1 30 
230 
390 
540 
60 
120 
225 
375 
550 

Lotus 1-2-3 Filename 
X2-01 .WK1 
X2-02. WK 1 
X2-03.WK1 
X2-04.WK1 
X2-05.WK1 
X2-06.WK1 
X2-07.WK1 
X2-08. WK1 
X2-09.WK1 
X2-1O.WK1 
X2-11 .WK1 
X2-12.WK1 
X2-13.WK1 
X2-14.WK1 
X2 15.WK1 

Legend: 

1 Depths were measured from the distance below a cloth measuring tape stretched across the 
trench face. 
Distances were measured from a fixed stake at the far left side of trench. 

table 4.5.1-3 Trench TR-3 Infiltrometer Test Locations 
Trench TR-3 lnfiltrometer Test Locations 

Test Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

Legend: 

Lotus 1-2-3 Filename 
X3-01 .WK1 
X3-02. W K1 
X3-03. W K1 
X3-04.WK1 
X3-05. W K1 
X3-06.WK1 
X3-07.WK1 
X3-08.WK1 
X3-09. W K1 
X3-1 O.WK1 
X3-11 .WK1 
X3-12.WK1 
X3-13.WK1 
X3-14.WK1 
X3-15.WK1 

1 Depths were measured from the distance below a cloth measuring tape stretched across the 
trench face. 

2 Distances were measured from a fixed stake at the far left side of trench. 
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Table 4.5.1-4 Trench TR-4 Infiltrometer Test Locations 
I 

Trench TR-4 lnfiltrometer Test Locations 

Test Number 

I 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Legend: 

- 
Unit ' - 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
1 
2 

Horizon 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
Btl 
Btl 
Btl 
Btl 
Btl 
Btl 
Btl 
Btl 
Btl 
Btl 
Bt2 
Bt2 
Bt2 
Bt2 
Bt2 
Bt2 
Bt2 
Bt2 
Bt2 
Bt2 

Depth '(cm) 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
20 
20 
15 
15 
15 
15 
15 
15 
15 
15 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 

Distance * (cm) 
0 
30 
125 
155 
250 a 

275 
340 
370 
475 
490 
0 
20 
1 00 
1 30 
260 
295 
360 
395 
475 
285 
25 
0 

115 
145 
265 
290 
350 
380 
445 
475 

Lotus 1-2-3 Filename 
X4-01 .WK1 
X4-02. W K1 
X4-03.WKl 
X4-04.W K1 
X4-05. W K1 
X4-06.WK1 
X4-07.WK1 
X4-08.WK1 
X4-09. W K1 
X4-1 O.WK1 
X4-11 .WK1 
X4-12.WK1 
X4-13.WK1 
X4-14.WK1 
X4-15.WK1 
X4-16.WK1 
X4-17.WK1 
X4-18.WK1 
X4-19.WK1 
X4-20.WK1 
X4-21 .WK1 
X4-22.WK1 
X4-23.WK1 
X4-24. W K 1 
X4-25. W K1 
X4-26. W K1 
X4-27. W K1 
X4-28. W K1 
X4-29. W K1 
X4-30.WK1 

1 Depths were measured from the distance below a cloth measuring tape stretched across the 
trench face. 

2 Distances were measured from a fixed stake at the far left side of trench. 
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Table 4.5.1-5 Trench TR-5 Infltrometer Test Locations 
T Inch TR-5 lnfiltrome 

Test Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

1 Legend: 

Horizon Depth’ (cm) 
0 
0 
0 
0 
0 
20 
50 
40 
35 
20 
45 

r Test Locations 
Distance * (cm) 

30 
90 
250 
350 
475 
50 
125 
250 
350 
490 
470 

Lotus 1-2-3 Filename 
X5-01 .WK1 
X5-02. W K1 
XS-03. W K1 
X5-04. WKl 
X5-05. WK 1 
X5-06. W K1 
X5-07. WK1 
X5-08.WK1 
X5-09.WK1 
X5-1 O.WK1 
X5 11.WK1 

1 Depths were measured from the distance below a cloth measuring tape stretched across the 
trench face. 

2 Distances were measured from a fixed stake at the far left side of trench. 

A schematic diagram of a tension infiltrometer is shown in Figure 4.5.1-1. The major components 
d e  the bubbling tube, water reservoir, and porous baseplate. The bubbling @e., tension control) 
tube had three air entry ports that controlled applied surface tension by allowing air entry at four 
different depths below the water column surface. The ports were preset and calibrated to tensions 
(i.e., negative pressure) from 0 (low) to 15 cm (high), with pinch clamps used to switch from one 
tension to another. The ZT was attained by raising the 3 cm air entry tube to a calibrated level 
below the water column surface. The infiltrometers were constructed of clear acrylic. The 
diameter of the bubbling and water reservoir tubes were 2.54 cm I.D. A replaceable porous nylon 
membrane covered the porous baseplate. A single pressure transducer port was located at the top 
of the water reservoir tube. Infiltrometers were recalibrated following the installation of 
replacement membranes. 

Infiltration testing was conducted following the RFETS OU2 SOP GT.26; “Detexmining Hydraulic 
Conductivity Using a Tension Infiltrometer” which is located in Appendix VIII. After the pit was 
excavated by the backhoe at each infiltration site, an area was dug to the required depth with a rock 
hammer and shovel. Depth measurements were taken from the opposite pit wall with a carpenter 
level and tape measure. Distance measurements were taken from the left edge of the pit wall 
containing the sampling apparatus (See Tables 4.5.1-1 through 4.5.1-5). At each test location an 

e 
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Figure 4.5.1 - 1 Tension lntiltromerer 
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area approximately 40 cm square was cleared and leveled using a masonry trowel. Slight 
compaction of the first horizon was noted at all five pits due to the backhoe and project personnel 
that worked around the pit. Minimal smearing was noted at all horizons due to the initial dry 
conditions. At the first horizon, plant roots were trimmed at the soil surface using a swiss army 
knife or scissors. 

Flow measurements were taken from low to high tension (0 to 15 cm). An insertion ring, 2.5 cm 
x 28.3 cm O.D., was used to delimit the surface infiltration area for the larger infiltrometer at Pits 1 
and 5. A surficial ring 20 cm I.D. was used during testing at Pits 2,3, and 4. A smaller diameter 
insertion ring, 1.5 cm x 8.4 cm O.D., was used for all infiltration testing with the smaller 
infiltrometer. The large and small insertion rings were pushed 1.5 cm and 0.5 cm into the soil, 
respectively. Two layers of cheesecloth were placed onto the soil surface that minimized slaking of 
silica sand into the soil macropores and to protected the porous nylon mesh from being punctured 
by plant roots. To ensure better contact with the infiltrometer base, clean silica sand was placed 
into the insertion or surficial ring, leveled approximately 2 mm above the ring, and the infiltrometer 
placed upon the sand. 

@ 

With the infiltrometer water reservoir filled and applied surface tension preset at 0, one or more 
water reservoir volumes, 500 ml to 2000 ml, were placed into the soil column. The prewetting of 
the soil was conducted before infiltration measurements, this allowed a steady state rate to be 
obtained quickly in the dry soil. A single pressure transducer connected to a portable data logger 
(Tensicorder; Soil Measurement Systems) was used to monitor infiltration flux. A unit change in 
the height of the water column was linearly related to the unit change in tension (1.02 cm of water 
is equal to . 1 Wa pressure). When the saturated ( h a )  measurements were completed, the 
infiltrometer was removed from the ring and the water reservoir refilled. 

The silica sand within the ring was releveled and the infiltrometer placed back upon the sand. The 
large diameter infiltrometer needed no anchoring to prevent rocking by wind gusts. However, the 
smaller unit was stabilized by the insertion of four sharpened metal rods through holes at the 
corners of the base. When the surface tension preset was at 3 cm, unsaturated infiltration was 
conducted. The Tensicorder was started after the water entrapped in the air entry tube was 
evacuated and air bubbled through to the water reservoir tube. Bubbling indicated that the desired 
tension at the soil surface had been attained. When possible, this procedure was repeated for the 6 

0 
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cm and 15 cm tensions, but not all tensions were conducted at each location. It was noted that 
increased applied surface tension decreased the infiltration rate. 

4.5.2 Tension lnfiltrometer Data 

Raw data from the hydraulic conductivity tests are included on the SSG-SNBK Bernoulli data 
diskette in the ZNFZLTRO Directory. See Appendix XI, ‘Tension InfilGorneter Data Location’ for 
details. Spatial variability of hydraulic conductivity in the vadose zone is in the “Phase IT RF’I/RI 
Report 903 Pad, Mound and East Trenches Area Operable Unit No. 2, Volume 9, Appendix D, 
Attachment 8.” 

4.6 WATER TABLE 

4.6.1 Principles of Piezometer Operation a 
Piezometers were used to measure the depth of the water table from the ground surface. A small 
hple was drilled from the ground surface to below the groundwater table and a pipe was inserted in 
the hole. The base of the pipe was screened to allow the groundwater level to freely change in the 
pipe. The upper-end of the pipe was capped to keep out obstructions. 

The distance to the water table was measured with a manometer, a hand held instrument consisting 
of a pressure sensing instrument and a long slender tube extending from it. To find the 
groundwater depth, the manometer was turned on to establish the baseline pressure by exposing 
the open end of the tube to the atmosphere. The open-end of the tube was slowly inserted into the 
piezometer pipe until the pressure reading from the manometer showed a constant increase above 
the baseline reading; this indicated that the tube had penetrated the groundwater surface. The tube 
was marked at the ground surface and pulled out of the piezometer pipe. The distance from the 
ground surface mark to the open-end of the tube was measured with a tape measure to determine 
the distance from the ground surface to the groundwater table to within one inch. 
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RF Well Name 

Location 

State North 

State East 

Piezometer Status 

Soil Type 

Surface Elev (ft) 

Top of Casing (ft) 

Bottom of Scrn (ft) 

Casing Depth (ft) 

Top of Bedrock 

4.6.2 Piezometer Installation 

Pit 1 Pit 2 Pit 3 Pit 4 Pit 5 

N8 N8 N8 N8 N8 

748858.08 748893.74 748905.14 748874.02 74891 4.31 

2086844.2 2086744.2 2086691.4 2086632.3 2086562.0 

Installed Installed Installed Installed lntalled 

Alluvium Alluvium Alluvium Alluvium Alluvium 

591 7.03 5924.91 5929.95 5932.12 5944.89 

5917.03 5924.91 5929.95 5932.1 2 5944.89 

10 15 18 18 18 

10 15 18 18 18 

Not Det Not Det Not Det Not Det Not Det 

Piezometers were installed at each pit to allow monitoring of the depth of local groundwater. 
Piezometer installation was performed by personnel from GEO Environmental Services; Golden, 
Colorado. The piezometers were installed using an expandable stainless steel pipe. The pipe was 
threaded at each end to allow a total well depth up to 915 cm. An expendable well point was 
located at the tip of the first section of pipe. Before installation, well materials were 
decontaminated and rinsed using deionized water. Equipment rinsate samples were not taken. 
Using a hydraulic ram attached to a four-wheel all-terrain vehicle (ATV) (Scorpion), the technician 
installed the piping to the depth specified by the PI. The area around the pipe at the ground surface 
was sealed using bentonite grout. Piezometer data showing the piezometer name, location, state 
coordinates, piezometer status, soil type, surface elevation, top of casing elevation, distance to the 
bottom of the piezometer, total depth of piezometer casing, and depth of bedrock are listed in Table 
4.6.2- 1. GEO Environmental Services documents are included in Appendix IX. 

Table 4.6.2-1 Piezometer Data 
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4.6.3 Piezometer Data 

Piezometer data was recorded weekly and before and after the rain simulations during the summer 
of 1993. The data is stored in the SS4 OU2 Field Log Book titled “OU2 Surficial Soil Project 
5123192-” located onsite. 

Electronic versions of piezometer data are included on the SSG-SNBK in the PIEZO Directory. 
See Appendix XI, ‘Piezometer Data Location’ for details. 

4.6.4 Piezometer Problems and Solutions 

The piezometer only provided data accurate to 2.5 cm due to the fact that it was measured by hand 
and that the tubing did not remain completely linear when it was pushed into the piezometer pipe. 
At Pit 5, a small pebble had fallen into the piezometer pipe, thus, blocking the manometer tube 
f;om entering. This prevented data from being collected for this pit for several weeks in the 
summer of 1993. Inconsistencies would arise when different technicians would measure the 
groundwater depth. Some technicians would stretch the manometer tubing more than others when 
the outstretched tubing was measured with the measuring tape. 

0 

To solve these problems, 20 new automated piezometers will be installed throughout the site and 
linked into the Campbell Scientific data retrieval system. Not only will this keep all measurements 
consistent, but it will also allow for frequent data collection that may be crucial for groundwater 
modeling. 

4.7 SOIL TEMPERATURE 

4.7.1 Principles of Temperature Probe Operation 

The Campbell Scientific 107 Temperature Probe uses the Fenwal Electronics UUt5 1 J 1 Thermistor. 
This thermistor is a nonmetallic solid. Its electrical resistance changes with temperature. Campbell 
Scientific datalogger Instruction 11 is used to measure the 107 Temperature Probe. This 
instruction sends a precise excitation voltage of 2V AC to the probe, makes a single-ended voltage 

0 
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measurements, then converts the output to Celsius with a fifth order polynomial. Details of this 
output conversion can be found in 'Model 107 Temperature Probe Instruction Manual.' 

4.7.2 Soil Temperature Probe Installation and Calibration 

Campbell Scientific Model 107B Temperature Probes were installed into the wall of each pit. The 
data obtained was used to monitor soil temperature versus depth and to aetermine thermal gradient 
over time for each pit. The temperature probes were installed into holes created by driving a steel 
spike 15 cm long into the pit wall. The spike, followed by the soil, was removed from the hole, 
mixed into a slurry, and then placed around the installed probe. The temperature probe cable was 
protected using 1.9 cm I.D. flexible conduit. The temperature probes were connected through an 
AM416 Multiplexer to the CR-10 datalogger. Temperature probe installation locations are listed in 
Table 4.7.2-1 and shown in Figures 4.1.4-1 through 4.1.4-6. 

4.7.3 Soil Temperature Probe Data 

I 

Soil temperature probe measurements are included in the dataset collected with the TDR 
measurements. These datafiles are named with the date retrieved with the extension *.TDR. For 
example, data uploaded from the field on February 1, 1994 would be named 020194.TDR. These 
files are archved in the raw data and database formats on the Terra personal computer and on 
Bernoulli diskette at the Soils Laboratory at RFETS. Another backup is stored on the Land 
personal computer at in Building 080, Interlocken. In addition, the files are periodically archived 
by the Rocky Flats Environmental Database System (RFEDS). 

The soil temperature data, contained in the TDR dataset, is included on the SSG-SNBK Bernoulli 
data diskette in the Soil Directory. See Appendix XI, 'Soil Temperature Data Location' for details. 

4.7.4 Soil Temperature Probe Problems and Solutions 

There were no problems with the 107 Soil Temperature Probes. Temperature probe output 
reflected the insulating character of soil, showing an increased dampening of diurnal atmospheric 
temperature effects with depth. 
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Designation 

Table 4.7.2-1 Temperature Probes 

Location 

Depth'(cm) Distance * (cm) 

TemDerature Probes 

01 TPO1 
01 TP02 
01 TP03 

13 194 
27 201 
66 162 

02TP01 
02TP02 
02TP03 
02TP04 
02TP05 

03TP01 
03TP02 
03TP03 
03TP04 

15.2 
30.5 
48.3 
66.0 
99.1 

0 302.3 
22.9 299.7 
43.2 304.8 
88.9 304.8 

428.6 
480.1 
464.8 
449.6 
388.6 

04TP01 
04TP02 
04TP03 
04TP04 
04TP05 
04TP06 
04TP07 
04TP08 

63.5 
53.3 
30.5 
45.7 
61 .O 
12.7 
15.2 
91.4 

396.2 
335.3 
353.1 
233.7 
193.0 
238.8 
381 .O 
177.8 

Trench TR-5 

05TP01 I 12 I 368 
34 I 76 

05TP02 
05TP03 

356 I 370 
Legend: 

I Depths were measured from the distance below a cloth measuring tape stretched across the 
trench face. 

? Distances were measured from a fixed stake at the far left side of trench. 
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4.8 P R ECI PIT AT1 0 N 

4.8.1 Principles of Rain Gauge Operation 

Rain data was collected in the field by a Texas Electronics TE525 Tipping Bucket Rain Gauge 
which was a smaller adaptation of the standard Weather Bureau Tipping Bucket Rain Gauge. The 
TE525 measured rainfall at rates up to 2 inches per hour with an accuracy of fl%. The rain gauge 
funneled rain into a bucket mechanism that tipped when filled to a calibrated level of .01 inch. A 
magnet attached to the tipping mechanism actuated a momentary switch closure as the bucket 
tipped. The switch closure was recorded by a pulse counter and sent to a datalogger. 

The aluminum sensor housing of the rain gauge was coated with a white, baked enamel surface to 
withstand exposure to the environment. A debris filter was placed above the funnel orifice to keep 
insects and debris out of the tipping mechanism. 0 

1 

4.8.2 Rain Gauge Installation and Calibration 

The TE525 Tipping Bucket Rain Gauge was set up in the field according to Texas Electronic 
specifications. It was wind-protected by an Alter-Type Wind Screen and was attached 75 cm 
above the ground to a five cm outer- diameter metal pipe. The rain gauge was connected to the 
CR- 10 datalogger by 18 meters of 2-conductor cable. Field calibration of the rain gauge was done 
annually according to Texas Electronic specifications. 

4.8.3 Rain Gauge Data 

Rain data was recorded every five minutes by the datalogger. However, to prevent an overflow of 
data in the storage module, the rain data was only stored when a rain event has occurred. When a 
rain event occurred, the data was stored in an array that was marked with the number 005 for 
identification and the time and amount of precipitation collected in the five minute period. 

0 Rain data is included on the SSG-SNBK Bernoulli data diskette in the SOIL Directory. See 
Appendix XI, 'Rain Gauge Data Location' for details. 
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4.8.4 Rain Gauge Problems and Solutions 

The rain gauge had no serious problems outside of regular maintenance. Approximately two or 
three times a year, debris was removed from the filters, funnel orifices, and bucket reservoirs as 
necessary to ensure accurate data collection. 

4.9 RAIN SIMULATION 

4.9.1 Rain Simulation Operations 

An automated spraying system was constructed to conduct rainfall simulation experiments over the 
five test pits during June and July of 1993. The apparatus was comprised of two main systems: 
(1) a delivery system and (2) an application system. Figures 4.9.1-1 through 4.9.1-5 show the 
rain simulator frame and application system. 0 

I 

4.9.1.1 Delivery System-The delivery system consists of the following components: 

1,135 Liter Water Reservoir 
9.14 m Head Sump Pump (Teal 4.5 Amp/l 10 Volt) 
9 1.5 literdmin (lpm) Centrifugal Pump (Black and Decker 5 Amp11 10 Volt) 
0 to 1724 kPa Pressure Regulator (Spraying Systems Model No. 11438-250) 
0 to 690 Wa Pressure Gauge (Spraying Systems Model No. 11438-73) 
Analog Input Flow Indicator (Omega Model No. DPF402) 
Paddle Wheel Flow Sensor (Omega FTB603) 
10 m of Reinforced Nylon Tubing 

4.9.1.2 Delivery System Set Up and Operation-The sump pump was used to prime the 
centrifugal pump with water obtained from the 1,135 liter reservoir. The reservoir was filled each 
morning with water obtained from the fire hydrant located in the conex. The centrifugal pump 
supplied the water to the spray header at constant rate and pressure. A pressure regulator was used 
to apply the desired amount of water to the ground surface. A flow sensor and flow monitor were 
used to monitor the rates of application. A flow meter displayed the rates and recorded the total 

0 
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Figure 4.9.1-3 Rain Simulator Frame -Adjustable Leg Detail 
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volume of water applied to the plot. An in-line stop-cock was used to stop the flow when the 
volume applied reached a targeted amount. 

4.9.1.3 Application System-The application system consisted of three main components: 

1) A Motorized Spray Platform 
2) A Three Nozzle Adjustable Height Sprayer 
3) A Lightweight Aluminum Support Frame 

The spray platform consisted of a plywood sheet with steering ancl drive axles to which four 
wheels were attached. A 50 Watt/llO voltage alternating current (VAC) motor with reduction 
gearing and rheostat speed control drove the platform along the top of the aluminum support frame. 
The direction of the platform was automatically reversed when the double-pole, double-throw 
switch on the motor contacted one of the two steel “T-rods” located at each end of the simulator. 
See Figures 4.9.1-1 through 4.9.1-3 for more details. 

I 

The spray header consisted of PVC pipe (1.9 1 cm in diameter) with caps glued to both ends. 
Three Unijet flat spray nozzles were equally spaced along the 48 cm length of the PVC pipe. Two 
aluminum rods, extending up from the PVC pipe through the spray platform, were positioned to 
achieve uniform spray application. The rods were secured by metal collars. See Figures 4.9.1-4 
and 4.9.1-5 for more details. 

The tips of the Unijet nozzles were interchangeable to allow for the application of flow rates 
varying from 5.87 to 9.54 L/m. Seven sets of the Unijet nozzles were used to attain the design 
flow rates. (See Table 4.9.1.3-1). 

The spray platform traveled along the top of the lightweight aluminum support frame. The top of 
the frame was made of aluminum C-channels, which provided a track for the wheels of the spray 
platform. Ten adjustable legs, five to each side, were likewise constructed of aluminum C- 
channels. Each leg was able to vary .2 m, increasing the frame’s stability on the terrain. 
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Table 4.9.1.3-1 Nozzle Specijkations 

I Rated Flow I Rated Flow at I I Pressure I I 

I TP8030SS I 4.16 I 40.12 I 5.03 I 117.22 1 52.70 I 
Source: Industrial Spray Products Catalog 51 Produced by Spraying Systems Co. 

The integrity of the spray application was maintained by a wind skirt and by the length of the 
frame. The wind skirt (i.e., thick plastic sheeting) was attached to the sides of the frame with 2.54 
cm of Velcro stripping. The wind skirt reduced the deformation of the spray pattern caused wind 
interference. The frame was built to allow for 30.5 cm of overhang. This additional length 
allowed for the full development of the spraying pattern before the platform reached the test plot, 
thus reducing boundary effects. 

4.9.1.4 Precipitation Monitoring Equipment-Three TE525 Texas Instruments Tipping 
Bucket Rain Gauges recorded the precipitation at the test plots. The information yielded by the rain 
gauges was used to determine if the application was uniform over the plot for the duration of the 
simulation. One rain gauge was placed in the center of the plot wetted by the simulator, while the 
other two rain gauges were placed at each end of the plot. 

The rain gauges were connected to an SDM-SWSA multiplexer, and wired to a CR-10 datalogger. 
The datalogger recorded the Julian day, hour-minute, battery voltage, and the precipitation received 
by each of the rain gauges during five minute intervals. Data from the datalogger was 
automatically transferred to an SM716 Storage Module. The SM716 was removed from the field 
and downloaded daily. The CR-10 , SDM-SW8A, and the SM716 were all powered by an 18 
Watt CSI Solar Panel. 

4.9.1.5 Performance Testing and Preparation for Field Experiments-Nineteen 
graduated cylinders beneath the simulator, flush to the bottom of the frame, were used to test the 
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uniformity of the application. The volume of the water collected by each cylinder was monitored 
during the simulation and the total volume was recorded at the end of the simulation. The 
simulator was adjusted until the tests showed that the variability along the length and width of the 
frame was less than 10 percent. 

4.9.1.6 Rain Simulations-Rain simulation experiments were performed from June 28 to 
July 30 of 1993. During this time, 23 simulations were completed. Simulation variables included 
duration, intensity, and frequency. 

The rain simulator was designed to simulate storms of 10, 25, 50, and 100-year return periods. A 
return period being defined as the average recurrence interval between events equaling or exceeding 
a specified magnitude. Events, with these return periods were selected to provide a range of rain 
events that may yield a flow of water through the soil environment. A 100-year event was selected 
to represent the practical upper limit of the hydrologic design scale. e 
The rain simulator was constructed to apply water at a constant rate making it impractical to emulate 
the actual fluctuation in intensities that occur during a natural event. Therefore, an average flow 
rate was applied to the plot during the experiments. 

4.9.1.7 Precipitation Calculations-The intensities, durations, and frequencies of 2, 5, 10, 
25,50, and 100-year return events were calculated using guidelines and historical data contained in 
The Precipitation Frequency Atlas of the Western United States. The atlas supplied information for 
storms of six and 24-hour durations. The procedure outlined below describes the method used to 
obtain 3, 2, .5, and .25 hour estimates for storms of these return periods. 

The Colorado isopluvial maps located in the Atlas displayed the depth of rain values for 2, 5, 10, 
25, 50, and 100-year return periods. The following equation was used to determine the 
precipitation depth for 2 and 100-year events for a one hour duration. 

where: 

Y(2) = depth of rain for a 2-year return event with a duration of one hour; 
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0.674 0.278 
0.496 0.449 
0.293 0.669 
0.146 0.835 

x( 1) = rain depth for a 2-year return period with a duration of 24-hours; 

x(2) = rain depth for a 2-year return period with a duration six hour duration; 

Y( 100) = depth of rain obtained from a 100-year event with one hour duration; 

x(3) = rain depth for 100-year event 24-hour duration; 

x(4) = rain depth obtained form a 100-year event with a 24-hour duration. 

2 = elevation of site in hundreds of feet relative to sea level 

Values for return periods other than 2 or 100-years with a sixty minute duration, were linearly 
interpolated with the following equation: e 
where: 

P(Yd 

a 

b 

P2yr 

P 1 OOyr 

= rain depth for return period with duration used for P2yr and P100yr; 

= see Table 4.9.1.7-1; 

= see Table 4.9.1.7-1 ; 

= rain depth for 2 year return e ‘ent with one hour duration; and 

= rain depth for 100-year return event with one hour duration. 
Table 4.9.1.7-1 Coefficients Used in Eq(3) 

I Return Period I 
~ 

a 
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The following equation was used to determine the precipitation-frequency values for the 2,5,  10, 
25, 50, and 100-year return periods with durations of 30, 15, 10, and 5 minutes. 

where: 

a = coefficient obtained from Table 4.9.1.7-2 

P 1 yr = return period being analyzed with a one hour duration 

Table 4.9.1.7-2 contains the values used to obtain 5, 10, 15, and 30 minute estimations from one 
hour values. 

Table 4.9.1.7-2 Contains the values used to obtain 5,lO, 15, and 30 minute 
estimations from one hour values. 

Time (Minutes) I Ratio to one Hour (a) I 
I 

15 I 0.57 I 
30 I 0.79 1 I 

Source: U.S. Weather Bureau Technical Paper No. 40, 1961. 

Intensities of rain events of less than one hour were calculated following a procedure highlighted in 
The Precipitation Frequency Atlas of the Western United States . The volume of water needed to 
simulate the design events over the plots was calculated by taking the product of the depth of 

precipitation required for the event by the surface area covered by the simulator. The following 
equation was used: 

where: 

I = Intensity (cm/hr); 
A = Area wetted by the simulator(cmA2); 
D = density of water (liter/cmA2); 
T = duration of event. 
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The flow rate necessary to apply the correct volume of water during the allotted time was calculated 
using the following calculation: 

where: 

N= the number of nozzles over the area 

The frequencies, durations, and intensities yielded by these calculations are summarized in 
Appendix X. 

4.9.1.8 Field Experiments-The daily tasks performed before, during, and after the rain 
simulations were: 

1,135 liter water tank filled with hydrant water. 
The nozzles were changed on the spray platform as required by the design intensity. @ 

, The nozzle height was adjusted to ensure a uniform spraying pattern. 
The rain gauges were placed beneath the rain simulator. 

' The storage module was connected to the datalogger, and the electronic equipment was tested. 
The rain simulation was performed at the design intensity and duration. 
The plot was covered with plastic sheeting reduce evaporation effects. 

4.9.2 Rain Simulation Problems and Solutions 

Some unanticipated events were encountered during the testing and conduction of the rain 
simulations, calling for changes in the equipment and experiment design. These modifications 
assisted in improving the integrity of the simulations. 

The pump selected to supply the water from the reservoir to the spray header was unable to deliver 
water at the rate and pressure needed to produce a uniform spraying pattern. A Unijet pump, rated 
at 50 liters per minute (lpm), was originally used to supply the water to the spray header. During 
laboratory testing of the simulator, it was found that the pump was unable to supply water at the 
design rate. A 91.5 lpm Black and Decker pump was substituted for the Unijet pump. The Black @ 



@ ENVIRONMENTAL RESTORATION Document Number: RFP/ERM-94-0002 1 
PROGRAM DIVISION Section: 4.0, Rev. 0 
OU2 Closure Soil Studies Scientific Notebook Page: 77 of 87 

and Decker centrifugal pump was coupled with a 9.14 m head sump pump which was used to 
supply the water to the pump from the reservoir. This system was used throughout simulations 
and was able to provide the spray header with the rates and pressures required to simulate events 
ranging from 10 to 100 years. The Black and Decker pump sustained considerable wear due to the 
back pressure exerted by the nozzles. An industrial strength pump might be better suited for t h s  
application in the future. 

The tygon tubing selected to carry the water from the reservoir to the simulator was not capable of 
sustaining the pressure exerted by the system and was replaced with reinforced tygon tubing. The 
tubing was used to carry water to the pump and then to the spray header of the simulator. The 
pressure that the tubing was subjected to was much higher than anticipated, causing the tubing to 
swell. Reinforced tubing, with the same inner diameter as the tygon tubing, replaced and 
functioned well under the pressures of the system for the remainder of the simulations. 

0 The electrical demand of the modifications made to the simulator built in 1992 required a more 
ppwerful generator. The 110 Volt AC/5000 Watt portable generator used in 1992 was unable to 
sustain the load created by the two pumps, flow meter, and motor. Therefore, a larger portable 
gknerator, more capable of handling the increased demand, was used. 

The aluminum frame was not wide enough to wet the entire area from the zero TSs to the 
tensiometers. Two of the trenches required two simulations to cover the full area. The rain 
simulator used during the summer of 1993 should be widened by approximately 20 cm to allow for 
full coverage of the area. The frame was lengthen by 30 cm which allowed for full coverage of all 
the trenches lengthwise, but additional length would assist in further reduction of boundary effects. 

The rain gauges were placed on the ground surface instead of being secured to the frame as was 
initially designed. The original design was to secure the rain gauges to the sides of the aluminum 
frame. However, during the laboratory testing of the rain simulator the rain gauges produced 
inconsistent data thought to be a result of boundary effects, runoff from the frame, and the close 
proximity of the top of the gauge to the nozzles. The rain gauges were placed on the ground 
surface 12 cm from the frame to reduce the error due to the aforementioned factors. However, 
error was entered into the data yielded by the gauges due to the unevenness of the ground surface. @ 
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The design of the simulator makes it very difficult to use standard tipping bucket rain gauges to 
obtain accurate estimates to the amount of rain applied to the plot. 

Finally, the trenches were modified to assist in the simulations. The data collected from the 
tensiometers and the ZT samplers after the first simulation, a 10-year event, showed that very little 
of the applied water had reached the ground surface. Therefore, the vegetation was clipped to 
approximately 5 to 10 cm above the ground surface. The vegetation ofthe trenches was thick. 
Before clipping, a few of the plants extended above the height of the simulator itself. The clipping 
of the vegetation allowed for more of the applied water to reach the ground surface as was shown 
by comparison of the data yielded from the tensiometers and ZT samplers before and after the 
modification. 

4.10 SNOW MELT MONITORING COMPONENT 

4.10.1 Snow Melt Modelling 

A snow melt study is being conducted to examine its potential role in the transport of actinides. 
Field data suggests that snow melt may cause the most intensive flushing of water through the soil 
column. In addition, rain-on-snow events RFETS are common and represent the most extreme 
snow melt rate potential. 

i 

Snow melt modelling will be done with an energy and mass balance approach. The snow system 
will be divided into three components: (1) the underlying soil, (2) the snowpack itself, and (3) the 
atmosphere. Energy exchange will be modelled at the soil/snow and snow/atmosphere interfaces. 

SNTHERM.89 (US CRREL) will be used as the modelling software. SNTHERM.89 is a process 
driven, one-dimensional mass and energy balance model. The model predicts snowpack 
temperature profiles based on initial snowpack temperatures and meteorological data. By-products 
of the temperature profile predictions are snowpack metamorphism, snow melt evaporation, and 
snow melt output at the base of the snowpack. SNTHERM.89 addresses processes such as 
transitions between snow-covered and bare ground, changes in snow properties (i.e., density, 
grain-size growth, and reflective properties), and the effect of new snow or rainfall. 
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SNTHERM.89 works by dividing the snow (and soil) layers up into horizontally infinite control 
volumes. Based on layer temperature, snow properties, and snow surface energy exchange, 
governing equation for heat and mass balance are solved. A finite-difference scheme is used for 
the spatial domain, and a Crank-Nicolson method is used with the time steps. 

Model input will consist of the atmospheric data, soil temperatures, and snowpack temperatures 
and characteristics. The modelling results will be verified with the measured snow melt amounts. 
Output from the snow melt model will be used as input to a vadose zone model. 

4.1 0.2 Snow Melt Monitoring Component Installation 

There were three clusters of instruments coupled with pits and their subsurface instrumentation. 
These clusters were at Pits 1,3, and 5. These trenches were chosen in an attempt to characterize 
the research site's topography and exposure (wind and solar). In addition, moving from Pits 5 to 
1, showed changes in soil type and profile, and decreased in vadose zone thickness and elevation. 

0 
I 

The data collected at each of these sites consisted of a 1 m2 snow melt collection pan draining into a 
subsurface Texas Electronics Rain Gauge, a CSI UDGO1 Sonar Snow Depth Sensor, a RM Young 
#05103 Wind Monitor (for wind speed and direction) at a height of 2 m, a CSI 107 Temperature 
Probe (with solar rstdiatiodwind shield) at a height of 2 m, an array of CSI 107 Temperature 
Probes measured the snowpack temperature profile (at adjustable heights of 0,2.5,5,7.5, 10, 15 
and 20 cm), and two additional CSI 107B Soil Temperature Probes at 10 and 20 cm below the 
ground surface. These soil probes were in addition to deeper probes installed during the summer 
of 1992. Additional temperature probes were not installed at Pit 5 due to the rocky soil and 
difficulty of installation. Pit 4 had a snow melt collection pan with rain gauge and a snow depth 
sensor. Pit 2 had no snow melt data instruments, due to its proximity to the Pit 3 cluster. 

There was also a 5 m instrument tower. This tower was located near the center of the research site. 
This instrument cluster collected solar energy data along with wind and vapor pressure profiles. 
This cluster was not coupled with a pit to avoid wind and solar reflection effects of the pit 
platforms. Wind speed profiles were being collected by MET 014A Wind Speed Sensors at 
heights of 0.5,2 and 5 m. Vapor pressure and atmospheric temperature profiles were collected by 

0 
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three CSI HMP35C Probes at heights of 0.5,2, and 4 m. The HMP35C consisted of a Vaisala 
Capacitive Relative Humidity Sensor and a Fenwal Electronics UUT5 1 J1 Thermistor. Solar 
instrumentation consisted of two Epply Labs Pyranometers that measured incoming and reflected 
short-wave solar radiation, an Epply Labs Pyrgeometer that measured incoming long-wave 
radiation, and a Radiation Energy Balance Systems (REBS) Net Radiometer. The tower location 
was also equipped with a snow melt collection pan and snow depth sensor. 

In addition to these automated instruments, there were manual measurements taken after snow 
events. A snowstick grid was laid out over the entire research site. The grid size was 10 m X 10 
m or 20 m X 20 m depending on the topography. The grid was more dense on the hillside, less 
dense on the flat areas. The snowsticks were used to estimate the volume of snow on the ground, 
and with snow density measurements, the water equivalence. Snow density measurements were 
made at various locations in the site. Four snowboards were constructed and placed along the 
access road. These were used to measure depth of new snowfalls. All these manual 
measurements, except some of the density measurements, were taken from the access road, thus 
reglucing time and PPE requirements. 

4110.3 Snow Melt Data 

The snow melt modelling data in Section 4.10.2 was recorded every fifteen minutes. This time 
step was used because of the dynamic nature of snowmelt at RFETS and SNTHERM.89 
recommendations. Fifteen minute averages were also the standard for wind velocity and direction 
measurements. Wind velocity and direction were sampled every minute, then averaged over the 
fifteen minute interval. 

All raw data sets were stored on the the RFETS Soils Laboratory Base Station Computer 
(designated as Terra) in the c:bsoihno Directory. Data files were backed-up on a Bernoulli diskette 
and on the Land personal computer in Building 080, Interlocken. In addition, snow data files were 
periodically archived in RFEDS. 

The snow melt study data is included on the SSG-SNBK Bernoulli data diskette in the WVOW 
Directory. See Appendix XI, 'Snow Melt Data Location' for details. 
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4.1 0.4 Snow Melt Monitoring Component Problems and Solutions 

Field installation of the snow melt monitoring system began in late November of 1993. After two 
weeks of field testing and debugging, the system began collecting field data on December 16, 
1993. 

As outlined above, the snow melt instrumentation included thuty temkrature probes. These 
probes provided essential data for modelling the energy exchange between the soil, snow, and 
atmospheric. When the system was first installed, twenty of the probes returned 'out-of-range' 
values. Voltage checks on the temperature probes revealed that 'grounding noise' was elevating 
the voltage output slightly above the probes' range. This problem was solved by installing a lOOS2 

resistor between the CR-10 temperature probe input channel and analog ground at the CR-10, and 
unwiring the 107 TP analog grounds at the multiplexer. 

Installing the resistor caused the RM Young Wind Direction Readings to become non-linear. This 
interference occurred when the two measurements were taken with a single-ended voltage 
measurement, and, thus, were wired into the same CR-10 port. The non-linear response resulted 
in readings which were no longer in the 0-360" range. A solution has not been found. Possible 
solutions included installing new 2-conduit wire to the instruments, determining the function to 
convert the non-linear output to direction in degrees, and trying new wiringkhannel arrangements. 
This wind direction data was not essential for snow melt modelling. 

0 

There have been continual problems with the Campbell Scientific SDM-INT8 Interval Timer. This 
datalogger peripheral was used as a processing interface between the CR-10 and the RM Young 
Wind Monitors. It converted the RM Young's AC output to wind speed. The output from this 
device had 'out-of-range' or negative values. Attempts to correct the problem with CR-10 
programming and wiring changes have failed. Two of the four RM Young Wind Monitors are 
being read through the CR- 10 pulse channels. 

The lack of significant snowfall this season has resulted in a change in the snow temperature 
profile design. The snowpack's temperature profile was essential for snow melt modelling. The 
more probes in the snowpack, the greater the modelling data and accuracy. The design consisted @ 
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of temperature probes mounted on mono-filament strung between wood posts. Originally, the 
three sets of seven probes were mounted at a 10 cm interval. The original mounting method did 
not allow for easy rearranging of the temperature probes. Turnbuckles and hooks were added to 
the ends of the mono-filament so the probe interval can be easily changed. Currently, the 
temperature interval is 0,2.5,5,7.5, 10, 15, and 20 cm. If the forecast is for greater than 20 cm 
of snow, this interval can be changed in less than one minute. 

4.1 1 TDR COMPONENT DATALOGGER AND COMMUNICATIONS 

4.1 1 .l Principles of Campbell Scientific TDR Component Operation 

The Campbell Scientific System consisted of data storage, system control, electronic sensors, 
sampling mechanisms, and communications. This installation included one rain gauge, 14 load 
cells, 25 temperature probes, 120 soil moisture probes, five vacuum pumps, 15 vacuum line a solenoid valves, and telemetry for communication with the laboratory. 

1 

A,Campbell Scientific Data Logger was used to control the collection of samples and data, and to 
store data until it was downloaded. The data logger performed its various tasks according to the 
program that was stored in its memory. The program controlled the execution interval, excitation 
of sensors (when necessary), specific data to be collected, preliminary operations on data collected, 
and communication functions. The data logger was able to handle the large number of sensors 
because it used a system of multiplexers (i.e., Ah4-416) that increased the number of sensors that 
could be monitored far beyond the number of control ports on the CR-10. If conditions defined by 
the program were met, the data logger could trigger mechanical systems for sampling. This was 
performed through a series of peripheral devices (i.e., SDMX-16) and relays. 

The Campbell Scientific System had four different kinds of sensors: (1) precipitation, (2) soil 
moisture, (3) temperature, and (4) mass of soil water collected. The system had one precipitation 
gauge. The resolution was 0.254 cm. For improved accuracy, the precipitation gauge was 
surrounded by a windscreen. Soil moisture was measured with TDR in a configuration provided 
by Campbell Scientific. Each pit had 24 soil moisture probes resulting in a total of 120 for the 

@ system. Several soil temperature probes were installed in each pit, one ambient air temperature, 
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and one CR-10 panel temperature were measured. Pits 1 through 4 had three load cells each, 
whereas, Pit 5 had two. The load cells were monitored to measure the data and time of water flow 
within the soil. 

Automated sampling was executed based on the evaluation of soil moisture averages within each 
pit. For detected soil moisture values corresponding to matric potential between 5-40 kPa the data 
logger vacuum system was triggered. The pump and solenoid valve cokesponding to the location 
fulfilling the 5-40 kPa criteria were triggered by a three-level process. After a soil moisture value 
was determined within range, the data logger set at least two ports on the peripheral (SDMX- 16) 
high. Setting SDMX- 16 ports high triggered corresponding relays located in the vacuum system 
enclosure. The relays permitted power to the pumps and solenoids of the layers in the pit that were 
determined to satisfy the pumping criteria (5-40 kPa). The applied vacuum drew water from the 
soil through the TSs into a collection system located on the surface. 

Communication with the system was maintained through telemetry. The data logger was interfaced 
with a radio (P-50) through a modem (RFP-95). A second radio (P-50) was located in the 
laboratory and was interfaced with an IBM PS/2 Model 70 with a modem (RFP-232). Data, real 
time monitoring, and system checking can be accomplished from the laboratory through the 
telemetry system. 

0 

4.1 1.2 Campbell Scientific TDR Component installation and Calibration 

CSI Sampling Equipment was installed in conjunction with the excavation of Pits 1 through 5. 
The data logger (CSI CR-IO), radio (Radius P-50), modem (CSI RFP-95), cable tester (Tektronix 
1502B), control port module (CSI SDM-CD16), and power supply were initially placed in the field 
on a wooden platform close to Pit 1. The platform was originally a staircase for one of the 
subcontractor trailers. It was moved to the field and specifically modified and reinforced to serve 
as the central hardware platform, or CR-IO platform. The CR-IO, radio, modem, and SDM-CD16 
were all incased in a single weatherproof enclosure (CSI ENC 12/14). The cable tester was 
housed in its own enclosure (CSI ENC TDR), while the power supply was located under the CR- 
10 platform in a generic battery case. A total of three, Level 3 TDR probe multiplexers (CSI 
SDMXSO) and one load cellkemperature probe multiplexer (CSI AM-416) were placed at Pit 1. 0 
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Each of SDMXSO multiplexers and the AM-416 multiplexer were placed in weatherproof 
enclosures (CSI ENC 10/12). The multiplexers were then mounted on the Pit 1 platform at the 
South end of Pit 1. The Pit 1 platform was originally a target holder for the old shooting range and 
was reinforced and moved to Pit 1. Once the pit was completed the vacuum pump enclosure, TS 
collection bottle enclosure, and the three photo-voltaic panels (CSI MSX18R) were installed. The 
two enclosures were placed on top of the back-filled pit and the photo-voltaic panels were mounted 
on the platform with the multiplexers. 

After Pit 1 was initially tested, the CR-10 platform was moved to a location central to all the pits. 
The field antenna (Decibel DB536 @ 403 MHz) was installed approximately 6.096 m west of the 
CR- 10 platform. An SDMXSO multiplexer was added to the CR-10 platform and served as the 
level 1 TDR multiplexer. Another ENC 12/14 enclosure was added to house the original SDM- 
CD 16, plus one additional SDM-CD16. 

As additional pits were completed, each pit received a standard allocation of equipment that 
cmsisted of three, Level 3 SDMXSO's, a vacuum pump enclosure, a tension sample collection 
bottle enclosure, and three photo voltaic panels. Four standardized wooden mounting frames were 
constructed for Pits 2 through 5. The frames were placed at strategic locations next to each pit. 
Pipes of 3.81 cm O.D. were attached to the frames and used for mounting the enclosures and 
photo-voltaic panels. The enclosures and photovoltaic panels were mounted with U-bolts. This 
allowed better positioning of the enclosures and easy adjustment of the photo voltaic panels for 
seasonal changes in sunlight. The AM-416 multiplexers were installed at Pits 3 and 5. Pit 3 
received its own level two SDMXSO multiplexer. The Level 2 SDMXSO Multiplexers for Pits 1, 
2 , 4 ,  and 5 were installed midway between Pits 1 and 2, and between Pits 4 and 5 for a total of 
three, Level 2 SDMXSO Multiplexers. 

0 

All of the sensors in the field were directly or indirectly hooked to the CR-IO. Most of the 
connections were indirect, through a multiplexer. From the actual probe to the multiplexer, each 
sensor cable was routed through conduit. Two types of conduit were used: (1) a 1.905 cm 
flexible blue plastic, and (2) a white rigid PVC in a variety of sizes. Junction boxes were 
constructed in order to merge all the conduits at each multiplexer. Each multiplexer enclosure had 0 two inletloutlet ports. The junction boxes varied in size, shape, and port configuration dependent 
on the application. All junction boxes were constructed with 1.27 cm clear Lucite. All inputs and 
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outputs to a single multiplexer were routed through its respective junction box, and reduced to two 
conduits matching the multiplexer enclosure ports. 

The office in Trailer T891R served as the remote station for the CSI Sampling System. Trailer 
T891M is the present location of the Soils Laboratory and CSI Sampling System remote station. 
The equipment consisted of an IBM PS/2 Model 70 with a serial communications card, CSI 
communications software, modem (CSI RFP-232), radio (Radius P50), and an antenna (Celwave 
BA-6012-0). The antenna was mounted on a 3.81 cm O.D. steel pipe attached to the side of 
T89 1R. The pipe served as a mounting location and ground. The modem had room for internal 
installation of the radio and was connected to the computer with an RS-232 interface. 

4.1 1.3 Campbell Scientific TDR Component Problems and Solutions 

Overall, the Campbell Scientific datalogger and datalogger peripherals have proven to be very 
reliable. Details on the performance of individual field instruments can be found in referenced in 
Appendices V, VI, VII, and IX and in Sections 4.2.4, 4.3.4, 4.4.4, 4.6.4, 4.7.4, 4.8.4, 4.9.2, 
and 4.10.4. The rest of Section 4.1 1.3 discusses the problems encountered and their solutions. 

Due to lead lengths (i.e., length of cable between datalogger and instrument) of up to 60 m, the 
CR- 10 was timed-out before receiving data from the instrument being sampled. To correct this 
problem, a special programmed read only memory (PROM) programmed by CSI needed to be 
installed in the CR-IO. 

Voltage drops in the 12V power supply occurred occasionally, especially during cold weather. 
The power supply consists of two marine 12V batteries (in series) connected to solar panels. 
Increasing the number of solar panels to four solved the problem. 

Problems with the TDR multiplexer design were encountered. This multiplexer consisted of a 
bulkhead ‘n’ chassis (BNC) cable connector connected directly onto the multiplexer printer circuit 
board. This connection was found to be weak, and would occasionally break. No solution was 
found, other than exercising great care when installing or servicing. * 
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4.1 1.4 Telemetry Installation 

Data collected by telemetry shall follow guidelines set forth in EMD SOP GT.20; “Procedures for 
Soil Interstitial Water Sampling and Sampler Installation,” EMD Manual Operation SOP, Rev. 2; 
Dated: March 1, 1992. Section 8.2.4, “Soil Moisture Data.” 

4.1 1.5 Telemetry Problems and Solutions 

The telemetry was successful and maintenance free. Early transmission problems were corrected 
by changing from an omni-directional antenna to Yagi directional antennas. The TDR and snow 
field components used telemetry. The only problem was caused by interference with a neighboring 
frequency. The frequency, used by the Air Sampling Group, was much stronger and automatically 
triggered every 15 minutes. If the Soil Group data transmission required more than 15 minutes to 
finish, it had to be stopped and restarted after the Air Sampling transmission was completed. 0 
4l.12 Data Storage 

4.12.1 Location of Collected Data 

All TDR data files are stored on the Terra personal computer at the Soils Laboratory (T891E) at 
RFETS. TDR raw data and database files are stored in the C:DoiZ Directory. TDR raw datafiles 
are stored as *, TDR and database files as *.DBF. One complete set of backups are stored on the 
Soil Group’s Land personal computer in Building 080, Interlocken. Two other sets of backups are 
stored on Bernoulli disks at the Soils Laboratory and in Building 080. In addition, RFEDS 
periodically archives the TDR data files (in its original format) (See Fig. 4.12.1-1). All data 
collected by the snow monitoring component is stored on the Terra PC in the C:\soiRmo Directory. 
Snow raw data is stored as *.sno. One complete set of backups are stored on the Soil Group’s 
Land personal computer in Building 080, Interlocken. Another set of backups are stored on 
Bernoulli disks at the Soils Laboratory. In addition, RFEDS periodically archives the snow data 
files (in its original format). 

0 
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Appendix I 

Acronym List 



ATV 

BNC 

co-PI 

CSI 

Dc 

EM 

ER 

ERD 

ES&T 

gm 

GPR 

H&S 

@ I.D. 

Lk 

1T;m 

mV 

PI 

PM 

PROM 

PTFE 

Pu 

PVC 

REBS 

RFEDS 

Americium 

All-Terrain Vehicle 

Bulkhead ‘N’ Chassis 

Collaborating Principle Investigators 

Campbell Scientific, Inc. 

Deepcycle 

Electromagnetic 

Environmental Restoration 

Earth Resources Division 

Environmental Science and Technology 

Gravitational Measurement 

Ground Penetrating Radar 

Health and Safety 

Interior Diameter 

Lateral Flow 

liters per minute 

Output Voltage 

Principle Investigator 

Project Manager 

Program Read Only Memory 

Polyethylene Tetrafluoride 

Plutonium 

Polyvinylchloride 

Radiation Energy Balance Systems 

Rocky Flats Environmental Database System 

Rocky Flats Environmental Technology Site 



0 RFP 

SOP 

SSSP 

TDR 

TS 

TSSS 

V 

VAC 

ZT 

Rocky Flats Plant 

Standard Operating Procedure 

Surficial Soil Sampling Program 

Time Domain Reflectometry 

Tension Sampler 

Tension Soil Solution Sampler 

Voltage 

Voltage Alternating Current 

Zero Tension 
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OU2 Pit Locations and Line Profiles 
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t****************************************************************************** 

:XRICK & COMPANY JOB $282-7597 

WOODWARD-CLYDE F E D E R A L  S E R V I C E S  

OU2 TRENCH L O C A T I O N S  AND L I N E  P R O F I L E S  

D A T E  OF SURVEY: SEPTEXBER 2 4 ,  1 9 9 2  

NAD 27 COLORADO CENTRAL ZONE * 

S T A T E  PLANE C O O R D I N A T E S  

'.* E A S T I N G  NORTHING ELEX DESCRIPTOR 
~****************************************************************************** 
2 0  2086848 .5359  
2 1  2 0 8 6 8 4 9 . 8 2 1 4  
' 2 2  2086844 .1954  
2 3  2 0 8 6 8 3 5 . 0 2 8 1  
24  2086840 .2133  

2b 
29  
3 0  
3 1  
3 2  
3 3  
3 4  
3 5  
3 6  
37 
3 8  
39 
4 0  
4 1  
4 2  
4 3  
4 4  
45 
4 6  
47 
4 8  
$9 

2 0 8 6 8 4 7 . 2 3 6 8  
2 0 8 6 8 4 7 . 2 7 2 1  
2 08 684 7 . 8  19  6 
2 0 8 6 8 5 0 . 2 5 4 5  
208k850 .5539  
2 0 8 6 8 5 1 . 9 3 6 6  
2086851 .7728  
2 0 8 6 7 5 1 . 4 6 1 1  
2 0 8 6 7 4 4 . 1 5 1 8  
2 0 8 6 7 5 6 . 8 3 9 8  
2 0 8 6 7 1 9 . 8 7 8 3  
2086740 .2902  
2 0 8 6 7 4 8 . 8 0 4 3  
2 0 8 6 7 6 2 . 3 8 3 6  
2 0 8 6 7 6 5 . 6 6 7 0  
2 0 8 6 7 7 4 . 4 4 6 1  
2 0 8 6 7 7 6 . 4 7 2 1  
2 0 8 6 7 7 9 . 2 5 6 7  
2 0 8 6 7 8 5 . 5 7 9 9  
2 0 8 6 6 9 6 . 8 0 3 0  
2 0 8 6 6 9 1 . 3 5 1 4  
2 0 8 6 7 0 3 . 5 7 5 6  
2 0 8 6 6 3 2 . 2 5 9 7  
2 0 8 6 6 4 5 . 8 0 1 0  
2 0 8 6 6 8 5 . 7 2 6 5  
2 0 8 6 7 1 1 . 5 6 4 4  
2 0 8 6 7 4 0 . 6 3 8 9  
2 0 8 6 7 5 2 . 5 1 3 7  

53 2 0 8 6 5 6 7 . 1 4 5 0  

748865 .5628  
748871 .3216  
748858 .0816  
749053 .0927  
748990 .4516  
748895 .9604  
748887 .6019  
748882 .1705  
748847 .3487  
748829 .0129  
748791 .9066  
748783 .6934  
748900 .5525  
748893 .7399  
748905 .8638  
749036 .6787  
748941 .6737  
7 4 8 9 1 2 . 0 8 8 1  
748863 .4128  
7 4 8 8 5 9 . 5 1 2 1  
748827 .9035  
7 4 8 8 2 1 . 1 7 2 1  
7 4 8 8 1 3 ;  5315 
7 4 8 8 0 2  - 2 9 7 2  
748909.9824 
748905 .1428  
7 4 8 9 1 5 . 4 1 0 8  
749012 .9307  

748929 .9204  
7 4 8 8 8 0  ~ 0 4 6  
748832 .5974  
7 4 8 8 0 9 , 6 5 7 4  

7 4 a 9 9 4 . 8 1 7 ~  

7 4 8 9 i a . 0 9 4 7  

5916.96  
5 9 1 7 . 1 1  
5917.03  
5955.34 
5931 .80  
5919 .05  
5919.94 
5918.84  
5916.30  
5917.06  
5914 . 1 3  
5912.60  
5925 .21  
5924 .91  
5925.60  
5959.37  
5931.15  
5926.27 
5 9 2 1 . 9 1  
5922.20  
5920.37 
5918.86 
5920.14 
5918.44 
5930 . 1 6  
5 9 2 9 . 9 5  
5930.12  
5963.66  

5933 .64  
5925 . 5 5  
5 9 2 3 . 5 1  
5920.93  
5945.26  

5958.93 

TR1 C E N T E R  @ I N S T .  S E N S O R  
N. END PIT  TR1 
S. END PIT  TR1 
TOP E D G E  R I D G E  
G B  @ T O E  SLOPE 
GB @ FL E-W D I T C H  
GB 
GB 
GB 
GB 
GB 
GB @ N. E D G E  R O A D  
TR2 C E N T E R  @ I N S T .  S E N S O R  
S.  END TR2 
N. END TR2 
TOP E D G E  R I D G E  
GB @ T O E  S L O P E  
GB 
G B  
GB 
GB 
G B  @ FL E-W D I T C H  
GB 
G B  @ N. E D G E  R O A D  
TR3 C E N T E R  @ I N S T .  S E N S O R  
k'. END TR3 
E. END TR3 
TOP E D G E  R I D G E  
GB ON SLOPE 
GB @ T O P  S L O P E  
GB 
GB 
GB N. EDGE ROAD 
TR5 CENTER @ INST. S E N S O R  
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J 

5 5  
56 
57 
58 
59 
60 
6 1  
€ 2  
6 3  
6 4  
65 
56 
57 
58 
59 
70 
7 1  
72 
73 
7.: 
75 
i 6  -- 

eile: TRCH - TSP.RPT 4 , 7 2 1  

2 0 8 0 5 6 1 . 9 7 8 6  
2 0 8 6 5 7 4 . 0 1 6 0  
2 0 6 6 5 3 3 . 9 0 4 2  
2 0 6 6 5 4 0 . 6 8 5 4  

2 0 8 6 5 7 4  S 9 0 3  
2 0 6 6 5 9 6 . 7 3 6 7  
2 0 8 6 6 2 6 . 3 3 3 0  
2 0 8 6 6 3 4 . 0 4 5 0  
2 0 8 6 6 3 2 . 2 5 7 0  
2 0 8 6 6 3 5 . 2 6 5 2  
2 0 8 6 5 9 1 . 8 4 9 7  
2 0 8 6 5 9 6 . 8 6 3 2  
2 0 8 6 6 2 6 . 4 9 5 9  
2 0 6 6 6 5 0 . 9 9 0 8  

2 0 8 6 6 6 0 . 4 1 6 4  
2 0 6 6 5 0 2 . 7 6 7 5  
2 0 8 6 5 6 5 . 8 3 6 3  
2 0 8 6 6 1 2 . 0 5 7 6  
2 0 6 6 6 4 3 . 1 5 5 5  
2 0 8 6 7 8 4 . 8 4 6 0  
2 0 8 6 8 1 5 . 3 1 6 6  

2 0 8 6 5 6 4 . 0 1 8 8  

2 0 8 6 6 5 5 . 3 7 8 7  

/ 1 2 0 8 6 7 7 8 . 5 3 5 9  
2 0 8 6 6 8 1 . 2 2 3 0  

~ ~ @ 2 0 8 6 5 6 1 . 6 0 3 2  
30 2086 ,502 .1233  
31 2 0 8 6 5 0 3 . 9 6 4 1  
; 2  2086 ,562 .8505  
33 2 0 8 6 6 7 7 . 6 5 8 8  
34 2 0 8 6 7 8 3 . 4 2 4 1  
35 2 0 8 6 6 6 4 . 2 9 0 3  
!6 2 0 8 6 6 9 0 . 2 4 8 0  

7 4 8 9 1 4 . 3 0 9 1  
7 4 8 9 2 3 . 5 2 2 9  

7 4 8 9 6 5 . 6 3 4 7  

7 4 8 9 0 5 . 4 5 4 1  

7 4 8 8 2 7 . 6 2 4 3  

7 4 8 9 8 1 . 6 0 7 5  

7 4 8 9 2 4 . 0 9 3 8  

7 4 8 8 7 5 . 8 6 9 6  

7 4 8 8 8 3 . 9 0 3 8  
?48874.01135 
7 4 8 8 9 3 . 4 4 1 0  
7 4 8 9 9 8 . 3 ~ 3 7  
7489131.3474 

7 4 8 8 3 5 . 6 6 9 2  
7 4 8 8 2 4 . 0 1 2 6  

7 4 8 8 8 5 . 6 3 5 7  
748884 .1923  

7 4 a m s . 3 4 9 0  
n 8 8 7 7 . 6 9 7 5  

7 4 8 9 0 0 . 4 3 3 7  
7 4 8 8 4 5 . 8 5 0 2  

7 4 8 8 9 3 . 5 5 7 7  
7 4 8 8 8 9 . 3 5 1 6  

7 4 8 8 7 9 . 1 8 3 5  

7 4 8 8 5 8 . 9 5 1 5  
7 4 8 8 7 3 . 0 2 7 9  
7 4 8 8 8 0 . 2 3 0 5  
7 4 8 9 3 0 . 0 2 2 5  
7 4 8 9 2 2 . 6 4 3 1  
7 4 8 9 2 8 , 6 2 5 5  
7 4 8 9 4  6 .64  3 2  
7 4 8 8 4 3 . 4 4 3 1  
7 4 8 a 2 6 . 0 7 7 1  

. a . .  10-09-92 1 1 : 0 7 : 0 8  am Page 2 

5 9 4 4 . 8 9  
5 9 4 5 . 4 1  
5 9 6 4 . 4 0  
5 9 6 1 . 4 6  
5 9 4 6 . 0 5  
5 9 4 2 . 2 6  
5 9 3 4 . 4 9  
5 9 2 9 . 5 7  
5 9 3 2 . 6 6  
5 9 3 2 . 1 2  
5 9 3 3 . 1 0  
5 9 6 3 . 6 1  
5 9 6 0 . 3 4  
5 9 3 4 . 0 1  
5 9 2 9 . 2 4  
5 9 2 7 . 3 6  
5 9 2 7 . 0 6  
5 9 4 4 . 6 5  
5 9 4 0 . 0 2  
5 9 3 3 . 7 3  
5 9 3 2 . 0 5  
5 9 2 1 . 3 0  
5 9 1 9 . 3 3  
5921 .68  
5 9 2 7 . 4 4  
5 9 3 7 . 9 9  
5 9 4 3 . 6 5  
5951 .74  
5 9 4 5 . 8 7  
5 9 3 4 . 2 9  
5 9 2 8 . 3 2  
5 9 2 8 . 0 9  
5 9 2 5 . 9 9  

W .  END TR5 
E. END TRS 
TOP EDGE R I D G E  
G B  
GB @ TOE SLOPE 
GB 
GB 
GROUND @ N .  E D G E  ROAD 
TR4 CENTER @ I N S T .  SENSOR 
S .  END TR4 
N .  END TR4 
TOP EDGE R I D G E  
G B  ON S L O P E  
GB @ TOE S b P E  
GB 
GB 
G B  N. EDGE ROAD 
GROUND 
GB 
G a  
GB 
GB 
GB @ FL E-W D I T C H  
GRND @ 
G R N D @  
GRND @ 
GRND @ 
GRND @ 
GRND @ 
GRND @ 
GRND @ 
GRND @ 
GRND 

ORANGE P I N  F L A G  8 2 0 0  
Y E W W  P I N  F L A G  g-100 
YELLOW P I N  F L A G  9-20  
ORANG P I N  F U G  9-80/0  
YELLOW P I N  F L A G  NW COR Y50 
YELLOW P I N  F L A G  (NO # )  
ORANGE P I N  F L A G  #lo0 
ORANGE PIN FLAG $ 2 0 0 / 2 1 0 0  
R A D I O  ANTENNA 
MAIN INST. PANEL STATION 
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r****************************************************************************** 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ZMICX & COMPANY J O B  $282-7597 

WOODWARD-CLYDE FEDERAL SERVICES 

OU2 TRENCH L O C A T I O N S  AND L I N E  PROFILES 

DATE O F  SURVEY: SEPTEMBER 24, 1992 

NAD 27 COLORADO CENTRAL ZONE 
MODIFIED (GROUND) STATE PLANE COORDINATES 

r Y  
* t  .*** 

' 2  0 
'2 1 
'22 
'23 

EASTING NORTHING ELEN DESCRIPTOR 

2087382.4861 749057.1713 5916.96 TR1 CENTER @ I N S T .  SENSOR 
2087383.7719 749062.9316 5917.11 N. END PIT T R 1  
2087378.1445 749049.6882 5917,03 S. END PIT TR1 
2087368.9749 749244.7492 5955.34 TOP EDGE RIDGE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2087374.1614 749182.0921 5931.80 GB @ TOE SLOPE 
2087381.1868 749087.5767 5919.05 GB @ FL E-W DITCH '' 2087381.2221 749079.2160 5919.94 GB 

-7 
2 8  
2 9  
30 
31 
32 
33 
34 
35 
36 
37 
3 8  
39 
40 
4 1  
4 2  
43 
44 
45 
46 
4 7  
4 8  

2087381.7697 
2085384.2052 
2087384 . 5047 
2087385.8877 
2087385.7238 
2087285.3865 
2087278.0753 . 

2087290.7666 
2087253.7956 
2087274.2127 
2087282.7291 
2087296.3118 
2087299.5961 
2087308.3774 

. .. 2087310.4040 
2087313.1892 
2087319.5140 
2087230.7144 
2087225.2614 

2087166.1546 
2087179.6994 

2087237.4887 

749073.7832 
749038.9526 
749020.6121 
748983.4962 

749092.1700 
749085.3556 
749097.4826 
729228.3310 
749133.3017 
749103.7085 
749055.0208 
749051.1191 
749019.5024 
74 9 012.769 3 
749005.1267 
748993.8895 
749101.6022 
749096.7614 
749107.0320 
749204.5770 
749186.4591 

748975.2809 

5918.84 
5916.30 
5917 . 06 
5914 . 13 
5912.60 
5925 . 21 
5924.91 
5925.60 
5959.37 
5931.15 
5926.27 
5921.91 
5922.20 
5920.37 

5920.14 
5918.44 
5930.16 
5929.95 
5930.12 
5963.66 
5958.93 

5918.86 

GB 
GB 
GB 
GB 
GB @ N. EDGE ROAD 
TR2 CENTER @ I N S T .  SENSOR 
S .  END TR2 
N. END TR2 
T O P  EDGE RIDGE 
GB @ TOE SLOPE 
GB 
GB 
GB 
GB 
GB @ FL E-W DITCH 
GB 
GB @ N. EDGE ROAD 
TR3 CENTER @ I N S T .  SENSOR 
W. END TR3 
E. END TR3 
T O P  EDGE RIDGE 
GB ON SLOPE 

2087219.6351 749121.5454 5933.64 GB @ TOP SLOPE 
2087245.4796 749072.0169 5925.55 GB 
2087274.5615 749024.1975 5923.51 GB 

- 2  2087286.4393 749001.2516 5920.93 GB @ N. EDGE ROAD 
53 2087101.0232 749109.7166 5945.26 TR5 CENTER @ INST. SENSOR 



P a t h :  B:\ 
@File : TRCH-KSP. RPT 4,729 

I54 
755 
756 
'57 
'58 
'59 
'60 
'61 
'62 
'€3 
'64 
'65 
66 
67 
68 
69 
70 
71 
72 
73 
7 4  
75 

2087095.8555 
2087107.8960 
2087067.7739 
2087074.5569 
2oa7097.8962 
2oa7ioa.4704 
2087130.6225 
2087160.2264 
2087167.9404 
2087166.1519 

2087125.7343 

2087160.3894 
2087184.8905 
2087189.2795 
2087194 -3185 
2087036.6293 
2087099.7142 

2087177.0532 

2oa7169.1609 

2oa7130.7490 

2oa7145.9474 

2087318.77?9 . 

3 2087095.4800 
EO 2087035.9849 

E2 2087096.7277 
E3 2067211.5654 

E 5  2087198.1934 
E 6  2087224.1578 

si 2087037.8262 

a 2087317.3577 

749105.9301 
749115.1462 
749173.2457 
749157.2688 
749115.7173 
749097.0728 

749019.2231 
749075.5170 
749065.6292 

749067.4808 

749oa5.0566 
749ia9.9962 
749172.9855 
749092.0511 
749037.4537 
749027.2700 
749015.6105 
749085.1734 
749080.9662 
749077.2493 
749075.8055 
749070.7955 
749066.9600 
749069.3091 
749050.5583 
749064.6384 
749071.8428 
749121.647s 
749114.2662 
749120.2501 

749035.0459 
749017.6755 

74913a.2725 

. a . .  10-09-92 11:07:04 am 

5944.89 
5945.41 
5964.40 
5961.46 
5946.05 
5942.26 
5934.49 
5929.57 
5932.66 
5932.12 
5933.10 
5963.61 
5960.34 
5934.01 
5929.24 
5927.36 
5927.06 
5944.65 
5940.02 
5933.73 
5932.05 
5921.30 
5919.33 
5921.68 
5927.44 
5937.99 
5943.65 
5951.74 

5934.29 
5928.32 
5928.09 
5925.99 

5945. 87 

Page 2 

W .  END TR5 
E. END TRS 
TOP EDGE RIDGE 
GB 
GB @ TOE SLOPE 
GB 
GB 
GROUND @ N. EDGE ROAD 
TR4 CENTER @ INST. SENSOR 
S. END TR4 
N. END TR4 
TOP EDGE R I D G E  
GB ON SLOPE 
GB @ TOE SLOPE 
GB 
GB 
GB @ N. EDGE ROAD 
GROUND 
GB 
GB 
G B  
GB 
G B  @ FL E-W D I T C H  
GRND @ ORANGE PIN FLAG $200 
GRND @ YELLOW PIN FLAG $-lo0 
GRND @ YELLOW PIN FLAG e-20 
GRND @ ORANG PIN FLAG $-8O/O 
GRND @ YELLOW PIN FLAG NW COR Y50 
GRND @ YELLOW PIN FLAG (NO g )  
GRND @ ORANGE PIN FLAG $100 
GRND @ ORANGE PIN FLAG $200/2100 
GRND @ R A D I O  ANTENNA 
GRND @ MAIN INST. PANEL S T A T I O N  
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&**************************************************************************** 
&**************************************************************************** 
XICK & COMPANY JOB #282-7597 

OU2 TRENCH LOCATIONS AND LINE PROFILES 

DATE O F  SURVEY: SEPTEMBER 2 4 ,  1 9 9 2  

ROCKY FLATS P W T  GRID COORDINATE SYSTEM 

$ EASTING NORTHING ELEV. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9 2 3 7 3 9 . 4 2 6 6  35873.3633 5916.96  
1 2 3 7 4 0 . 7 3 1 4  35879.1193 5 9 1 7 . 1 1  
2 2 3 7 3 5 . 0 6 0 3  3 5 8 6 5 . 8 9 4 6  5917.03  
3 2 3 7 2 6 . 5 3 4 7  3 6 0 6 0 . 9 8 4 8  5955.34  
4 2 3 7 3 1 . 5 1 4 3  3 5 9 9 8 . 3 1 0 9  5931.80  
5 2 3 7 3 8 . 2 2 7 6  35903 .7728  5919 .05  

7 3 8 . 2 3 5 3  3 5 8 9 5 . 4 1 2 1  5919.94  
7 3 8 . 7 6 5 0  35889 .9775  5918.84 

2 2 3 7 4 1 . 0 8 5 5  3 5 8 5 5 . 1 3 9 0  5916.30  
9 2 3 7 4 1 i 3 2 4 4  35836 .7976  5917.06  
0 2 3 7 4 2 . 5 8 4 9  35799 .6774  5914.13  
1 2 3 7 4 2 : 3 9 3 9  35791 .4627  5912.60  
2 2 3 6 4 2 . 4 4 3 0  35908 .6824  5925 .21  
3 2 3 6 3 5 . 1 0 9 4  3 5 9 0 1 . 8 9 2 2  5924 .91  
4 2 3 6 4 7 . 8 4 0 6  35913 .9772  5925.60  
5 2 3 6 1 1 . 3 0 1 9  36044 .9470  5959.37 
6 2 3 6 3 1 . 4 0 5 1  35949 .8508  5931.15  
7 2 3 6 3 9 . 8 2 3 7  35920 .2296  5926.27 
8 23653 .2456  35871 .4973  5921 .91  
9 2 3 6 5 6 . 5 1 7 0  35867 .5848  5922.20  
0 2 3 6 6 5 . 1 9 3 9  35835 .9393  5920.37 
1 2 3 6 6 7 . 1 9 8 2  3 5 8 2 9 . 1 9 9 5  5918.86  
2 2 3 6 6 9 . 9 5 8 2  35821 .5478  5920.14  
3 2 3 6 7 6 . 2 4 5 9  35810 .2898  5918.44  
4 2 3 5 8 7 . 8 0 2 4  3 5 9 1 8 . 2 9 5 1  5930 .16  
5 2 3 5 8 2 . 3 3 3 4  35913 .4723  5929.95  
6 2 3 5 9 4 . 5 9 4 6  3 5 9 2 3 . 7 0 2 5  5930.12  
7 2 3 5 2 3 . 5 8 2 9  36021.4824 5963.66  
8 2 3 5 3 7 . 0 6 7 8  36003 .3199  5958 ,93  
9 2 3 5 7 6 , 7 8 9 0  35938 .2747  5933.64  
0 2 3 6 0 2 . 4 6 9 8  35888 .6612  5925.55  

631 .3937  35840 .7460  5923 .51  
6 4 3 . 1 9 5 7  35817 .7610  5920.93 

3 2 3 4 5 8 . 1 3 8 7  35926 .8376  5945 .26  
4 2 3 4 5 2 . 9 5 8 5  35923 .0682  5944 .89  

DESCRIPTOR 

TR1 CENTER @ INST. SENSOR 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

_ _  ~ 

N. END P I T  TR1 
S. END P I T  TR1 
TOP EDGE RIDGE 
GB @ TOE SLOPE 
GB @ FL E-W DITCH 
GB 
GB 
GB 
GB 
GB -~ 

GB @ N. EDGE ROAD 
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Appendix IV 

Pre-Installation Calibration of Load Cells 



LOAD CELL CALIBRATION October 5,1992 

OU2 SURFICIAL SOIL SAMPLING PROJECT 

EDWARD DAL LAG0 OGDEN ENVIRONMENTAL 

ROCKY FLATS PLANT, GOLDEN, COLORADO 
FILENAME: 10-5LOAD.XLS 
LOAD CELL MODEL: INTERFACE, INC. SPI-7.5 

LOAD NO. OBJECT 
Platform 

#1 
#2 
#3 
#4 

#5 
#5+#2 
#5+#3 
#5+#4 

WElGHT @m) LOAD @m) 
47.87 
68.98 116.85 
220.73 268.6 
31268 260.55 
529.52 577.39 
508.04 655.91 

920.72 m.59 
1137.56 1185.43 

828.77 876.64 

LOAD(gm) = Weight of Object (grn) +Weight of Platform (gm) 

CALCULTAIONS: 
MAX OUTPUT (rnv) = BAlTERY VOLTAGE C J )  X RATED OUTPUT (mv) 
OUTPUT (mV) = VOLTAGE MEASURED ACROSS LOAD CELL 
VOLTAGE (mv) = OUTPUT (mv) - NO LOAD (mv) 
CALIBRATED WEIGHT (mv) = MAX OUTPUT(mV) x VOLTAGE (mv) 

(40.37 mV13.4 kg) x 47.87grn = 0.57 mV EXAMPLE. 

SERIAL NO: c16353 

RATED OUTPUT, COMPRESSION (mV/v)= 
BAlTERY VOLTkGE M= 
MAX OUTPUT (mV)= 

3.127 Q 3.4 kg AND 10 VOLTS 
1291 
40.37 Q 3.4 kg CALIBRATED WEIGHT 

OBJECT 

No Load 
Platform 

1 
2 
3 
4 
5 
6 
7 
8 

LOAD OUTPUT VOLTAGE CALIBRATED WElGHT 
(gm) (mv) (mv) (mv) 

0.00 
0.57 
1.39 
3.1 9 

428 
6.85 
7.78 

0 0.4 0 
0.9 0.5 
1.7 1.3 
3.5 3.1 
4.6 4.2 
7.2 6.8 

8.1 7.7 

47.87 
1 16.85 
268.6 
260.55 
577.39 
655.91 
876.64 10.7 10.3 10.40 

968.59 11.8 11.4 11.49 

1185.43 14.3 13.9 14.07 

... - . . I  

-- r 



e SERIALNO: 

c16355 

RATED OUTPUT, COMPRESSION (mVN)= 

MAX OUTPUT (mv)= 

3.133 Q 3.4 kg AND 10 VOLTS 

B A R R Y  VOLTAGE (v)= 1291 
40.45 @ 3.4 kg CALIBRATED WEIGHT 

LOAD OUTPUT VOLTAGE CALIBRATED WElGHT OBJECT 

No Load 0 0.5 0 0.W 
P W O n  47.87 1.2 0.7 0.57 

1 116.85 2 1.5 1.39 

2 268.6 3.8 3.3 3.19 
3 360.55 4.9 4.4 4.29 

4 m.3 7.5 7 *  6.87 
5 655.91 8.4 7.9 7.80 
6 876.M 1 1  10.5 10.42 

7 968.59 121 11.6 11.52 

8 1185.43 14.7 14.2 14.10 

(Qm) (mv) (mv) (mv) 

SERIAL NO: CI 6359 

RATED OUTPUT, COMPRESSlON (mV/V)= 3.128 3 . 4 ~ ~ ~ 0  IOVOLTS 

BATTERY VOLTAGE M= 1292 
MAX OUTPUT (mv)= 40.41 Q 3.4 kg CALIBRATED WEIGHT 

OBJECT LOAD OUTPUT VOLTAGE CALIBRATED WEIGHT 

(sm) (mv) (mv) (mv) 
No Load 0 0 0 0.00 

Platform 47.87 0.6 0.6 0.57 
1 116.85 1.4 1.4 1.39 
2 268.6 3.2 3.2 3.1 9 
3 360.55 4.3 4.3 4.28 
4 577.39 6.8 6.8 6.86 
5 655.91 7.8 7.8 7.79 

7 968.59 11.5 11.5 11.51 
8 1185.43 14.1 14.1 14.08 

6 876.64 10.4 10.4 10.41 



RATED OUTPUT, COMPRESSION (mVn/)= 

MAX OUTPUT (nv)= 41.92 @ 3.4 kg CALIBRATED WEIGHT 

3.242 Q 3.4 kg AND 10 VOLTS 
BATERY VOLTAGE (v)= 1293 

OBJECT LOAD OUTPUT VOLTAGE CALIBRATED WEIGHT 

No Load 0 0.2 0 0.00 

Platform 47.87 0.8 0.6 0.59 

1 116.85 1.6 1.4 1.44 
2 268.6 3.5 3.3 3.31 
3 360.55 4.6 4.4 4.44 
4 m.39 7.3 7.1 , 7.1 1 
5 555.91 8.2 8 8.08 
6 876.64 10.9 10.7 10.80 

7 968.59 121 11.9 11.94 

(gm) (mv) (mv) (mv) 

8 1185.43 14.7 14.5 14 61 

SERIAL NO: c16364 

RATED OUTPUT, COMPRESSION (rnVN)= 

EATERY VOLTAGE (v)= 12.92 
MAX OUTPUT (mi/)= 

3.163 @ 3.4 kg AND 10 VOLTS 

40.87 @ 3.4 kg CALIBRATED WEiGHT 

OBJECT LOAD OUTPUT VOLTAGE CALIBRATED WEiGHT 

(gm) (mW (mW (mv) 
No Load 0 0.2 0 0.00 

Platform 47.87 0.8 0.6 0.58 
1 116.85 1.6 1.4 1.40 
2 268.6 3.4 3.2 323 
3 360.55 4.5 4.3 4.33 

5 655.91 8.1 7.9 7.88 
6 876.64 10.7 10.5 10.53 
7 968.59 11.8 11.6 11.64 
8 1185.43 14.4 14.2 14.24 

4 577.39 7.1 6.9 6.94 



SERIAL NO: 0 c16373 

RATED OUTPUT, COMPRESSION (mVN)= 
BAlTERY VOLTAGE (V)= 
MAX OUTPUT (mv)= 

OBJECT 

No Load 
Platform 

1 
2 
3 
4 
5 
6 
7 
8 

3.106 Q 3.4 kg AND 10 VOLTS 

1292 
40.13 @ 3.4 kg CALIBRATED WEIGHT 

LOAD 

.- (9m) 
0 

47.87 
11 6.85 
268.6 
360.55 
577.39 
655.91 
876.64 
m.59 

1 185.43 

OUTPUT 

(mv) 
0 

0.6 
1.3 
3.1 
4.2 
6.8 
7.7 

10.3 
11.4 
13.9 

VOLTAGE 

0 

0.6 
1.3 
3.1 
4.2 
6.8 
7.7 

10.3 
11.4 
13.9 

(mV) 

CALIERATED WEIGHT 

(mv) 
0.00 
0.58 
1 .a 
323 
4.33 
6.94 
7.88 

10.53 
11.64 
14.24 

SERIAL NO: C15374 

RATED OUTPUT, COMPRESSION (rnVN)= 
BATTEilY VOLTAGE (VI= 1292 

MAX OUTPUT (mv)= 

3.114 Q 3.4 kg AND 10 VOLTS 

4.23 @ 3.4 kg CALIBRATED WEIGHT 

OBJECT 

No Load 
Platform 

1 
2 
3 
4 
5 
6 
7 
8 

LOAD 

@m) 
0 

47.87 
11 6.85 
268.6 
360.55 
57.39 
655.91 
876.64 
968.59 

1185.43 

OUTPUT 

(mv) 
0 

0.5 
1.3 

3.1 
4.1 
6.7 
7.6 

10.2 
11.3 
13.9 

VOLTAGE CALIBRATED WEIGHT 
(mv) (mv) 

0.00 
0.57 
1.38 
3.1 8 
4.26 
6.83 
7.76 

10.2 10.37 

14.02 

0 
0.5 
1.3 
3.1 
4.1 
6.7 
7.6 

11.3 11.45 

13.9 



e SERIALNO: 
C16375 

RATED OUTPUT, COMPRESSION (mV/v)= 

MAX OUTPUT (mv)= 40.71 @ 3.4 kg CALIBRATED WEIGHT 

3.151 @ 3.4 kg AND 10 VOLTS 

BAITERY VOLTAGE (v)= 12.92 

OUTPUT VOLTAGE CALIBRATED WEIGHT OBJECT LOA0 
(9m) (mv) (mv) (mv) 

No Load 0 0.2 0 0.00 

Platform 47.87 0.8 0.6 0.57 
1 116.85 1.6 1.4 1 .a 
2 268.6 3.4 3.2 321 

3 m.55 4.5 4.3 4.31 

4 577.39 7.1 6.9 9 6.91 

5 655.91 8 7.8 7.85 

6 876.64 10.7 10.5 10.49 
7 968.59 11.8 11.6 11.59 
8 1185.43 14.3 14.1 14.19 

SERIAL NO: C l a w  

3.119 @3.4kgAND 10VOLTS RATED OUTPUT, COMPRESSION (mVrJ)= 

MAX OUTPUT (mv)= 
BAUTERY VOLTAGE M= 1289 

4020 @ 3.4 kg CALIBRATED WEIGHT 

OBJECT LOAD OUTPUT VOLTAGE CALIBRATED WEIGHT 

(sm) (mv) (mv) (mv) 
No Load 0 0.2 0 0.00 
Platform 47.87 0.8 0.6 0.57 

1 116.85 1.6 1.4 1.38 

3 360.55 4.5 4.3 4.26 
4 57.39 7.1 6.9 6.83 

2 268.6 3.4 32 3.18 

5 655.91 8 7.8 7.76 

6 876.64 10.7 10.5 10.37 

7 968.59 11.8 11.6 11.45 , 

8 1185.43 14.3 14.1 14.02 



0 SERIALNO: c1m1 

RATED OUTPUT, COMPRESSION (rnVn/)= 3.161 Q 3.4 kg AN0 10 VOLTS 

BATTERY VOLTAGE (V)= 129 
MAX OUTPUT (mv)= 40.78 Q 3.4 kg CALIBRATED WEIGHT 

OBJECT LOAD OUTPUT VOLTAGE CALIBRATED WEIGHT 

No Load 0 0.9 0 0.00 

Platform 47.87 1.5 0.6 0.57 
1 116.85 2 3  1.4 i .38 

2 268.6 4.1 32 3.18 
3 360.55 5 2  4.3 4.26 
4 577.39 7.0 6.9 6.83 
5 655.91 8.7 7.8 7.76 
6 876.64 11.4 10.5 10.37 
7 968.59 12.5 11.6 11.45 
8 1 1  85.43 15.1 14.2 14.02 

@m) (mv) (mv) (mv) 

SERIAL NO: C 1 W  

RATED OUTPUT, COMPRESSION (rnV/v)= 

BATTERY VOLTAGE M= 12.9 
MAX OUTPUT (rnv)= 40.79 Q 3.4 kg CALIBRATED WEIGHT 

3.162 Q 3.4 kg AND 10 VOLTS 

OBJECT LOAD OUTPUT VOLTAGE CALIBRATED WEIGHT 

(gm) (mv) (mv) (mv) 
0 

No Load 0 4.1 0 0.w 
Platform 47.87 0.5 0.6 0.57 

1 116.85 1.3 1.4 1 .a 
2 268.6 3.1 3.2 3.22 
3 360.55 4.2 4.3 4.32 
4 577.39 6.8 6.9 6.92 
5 655.91 7.7 7.8 7.06 
6 a7ci.a 10.4 10.5 10.51 
7 968.59 11.4 11.5 11.61 
8 1185.43 14 14.1 14.21 



0 SERIALNO: 
c16386 

RATED OUTPUT, COMPRESSION (mV/L3= 

MAX OUTPUT (rnv)= 40.98 Q 3.4 kg CALIBRATED WEIGHT 

3.177 Q 3.4 kg AND 10 VOLTS 

BATTERY VOLTAGE M= 129 

LOAD OUTPUT VOLTAGE CALIBRATED WEIGHT OBJECT 
(gm) (mv) (mv) (mv) 

No Load 0 0.1 0 0.00 

Platfm 47.87 0.7 0.6 0.58 
1 116.85 1.4 1.3 1.41 

2 268.6 3.3 3 2  324  

4 577.39 7 6.9 * 6.96 

6 876.64 10.6 10.5 10.56 

8 11 85.43 14.3 14.2 14.28 

3 360.55 4.4 4.3 4.34 

5 655.91 7.9 7.8 7.90 

7 968.59 11.7 11.6 11.67 

SERIAL NO: C1637 

RATED OUTPUT, COMPRESSION (mVlv)= 
BAlTERY VOLTAGE (V)= 129 
MAX OUTPUT (rnv)= 

3.X7 (9 3.4 kg AND 10 VOLTS 

41.37 @ 3.4 kg CALIBRATED WEIGHT 

OBJECT LOAD 

(gm) 

OUTPUT VOLTAGE CALIBRATED WEiGHT 

(m\r3 (mv) (mv) 
No Load 0 0.5 0 0.00 

Platform 47.87 1.1 0.6 0.58 
1 116.85 1.9 1.4 1.42 
2 268.6 3.8 3.3 3.27 
3 360.55 4.9 4.4 4.38 
4 577.39 7.5 7 7.02 
5 6s.91 8.4 7.9 7.98 
6 876.64 11.1 10.6 10.66 
7 968.59 122 11.7 1 1 -78 
8 1185.43 14.9 14.4 14.42 



SERIAL NO: a - 
RATED OUTPUT, COMPRESSION (mVN)= 

MAX OUTPUT (my= 

3.164 @ 3.4 kg AND 10 VOLTS 
BATTERY VOLTAGE M= 12.89 

40.78 @ 3.4 kg CALIBRATED WEIGHT 

OBJECT 

No Load 
Platform 

1 
2 
3 
4 
5 
6 
7 
a 

LOAD 

-@m) 
0 

47.87 
11 6.85 
268.6 
m.55 
577.39 
655.91 
876.64 
968.59 

1185.43 

OUTPUT 

(mv) 
0.2 
0.8 
1.6 
3.4 
4.5 
7.1 
8.1 

10.7 
11.8 
14.4 

VOLTAGE CALIBRATED WElGHT 

(mv) (mv) 
0 0.00 

0.6 0.5. 
1.4 1.40 
32 322 
4.3 4.32 
6.9 6.92 
7.9 7.86 

10.5 10.51 
11.6 11.61 
14.2 14.21 

SERIAL NO: CIS398 

RATED OUTPUT, COMPRESSION (mV/v)= 

MAX OUTPUT (mv)= 

3.16 Q 3.4 kg AND 10 VOLTS 
BATTERY VOLTAGE (V)= 129 

40.76 Q 3.4 kg CALIBRATED WEIGHT 

OBJECT 

No Load 
Platform 

1 
2 
3 
4 

5 
6 
7 
8 

LOAD 

(gm) 
0 

47.87 
116.85 
268.6 
360.55 
57.39 
655.91 
876.64 
968.59 

1185.43 

OUTPUT VOLTAGE CALIBRATED WEIGHT 

(mv) (mv) (mv) 
0.3 

1.1 
1.9 
3.7 
4.8 
7.4 
8.3 

10.8 
11.9 
14.5 

0 
0.8 
1.6 

3.4 
4.5 
7.1 

8 
10.5 
11.6 
14.2 

0.m 
0.57 
1.40 
3.22 
4.32 

6.92 
7.86 

10.50 
11.61 
14.3 
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CALI B RAT I 0 N C E R TI F1 GATE 

MOOEL A B C D E F G H J K  L T o " "  1-8 MOOEF I A B C 0' E' 
i 

3 5% 1 v4 112 l/4 

12.7 6 4  
V2 fi 

In. 3 5'/s 112 %/tS v4 .so 1 5 1 %  2 

in. 3 5lh 24  t/4 '/4 50 1 5 l'h 2 

S?!-3 10-32 24 SPI-25 8 50 
mm 76 730 12.7 4 2  6 4  12.7 25 127 38 51 

E? !/A 

12.7 6 4  

S3!-7 5 ' h - 2 8  36 SPI-100 
mm 76 130 19 6 4  6 4  12.7 25 127 38 51 12.7 6 4  

SPI-MB-50 In. 
'h -20 36 

In. 3 5'/8 1 ./2 114 
S??* :5 

m A N C E O  FORCE MEASUREMENT 

ih.0 F' G' H L 'omu 

.so 1 5 

127 25 127 
1.00 1.5 6 

1.00 1.5 6 
25 38 152 

25 38 152 

Vi-28 60 

'/A -28 60 

VA -28 90 

1 N STALL AT I 0 N I N FO R M AT1 0 N 

mm 76 ! !  130 32 12.7 

L 
THWO 
nnu 

T 

7 

- 

I NSTALLATION D I M ENS IONS 
e 
7- E 

J- 
7 

6 4  

- f  - 
- f -  

- G I  

s PI I / I  
1 l i  3 thru15 dl I [ I  ''1 

2 5 t h r u t 5 0  G , 
Q I  I ! I  i 

l l  
I '  I ;  

APPLlCATiON NOTES 
1. Single Point I load cells are designed for conaolled environmental aP- 

plications. In generai they can be used anywhere a readout instrument 
IS used. 

2. A moisture resistant coanng is applied to protect the SPISenes from 
hign humidity conditmns up to and including 95% relatwe humidity and 
penodic exposure to condensanon. These units are not intended for 
submerged operation. 

3. Mounnng screws: thread engagement %" - Yz" (9 - 13rnm). 
4. Mounnng surface must be level to within O S o  
5. Please exercise extreme caumn while handling and installing these bad 

C P l k  

.6. Maximum Moment 
Rated Capacity 
0-3 Ib. 
0-7.5 Ib. 
0-15 Ib. 
0-25 lb. 
0-50 (b. 
0-100 Ib. 
0-150 Ib. 

Maximum Moment 

22.5 ib - in. 
45 Ib -in. 

125 Ib - in. 

500 Ib - in. 
500 Ib - in. 

9 Ib - in. 

250 Ib - h. 

7. A ~ p l i i o n s  vlvotving impadoverioad forces may require external stops. 
-- .-. Request INTEFIFACE publicanon IF? k59 for additional informanon. 

PERFORMANCE DATA 
Nominal Output--mV/V .......................................... 3 
Input Resistance-Ohms.. ........................ .350+50/-3.5 
Output Res i s tancMhrns  ............................. .350 * 3.5 
Aecommended Excitatan-VOC . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .lo 
Non-Cineanty-% Rated Outout . . . . . . . . . . . . . . . . . . . . . . . .  < 20.02 

Rated Output . . . . . . . . . . . . . . . . . . . . . . . . . . . .  < 2 0.02 

Comoensated--Of . . . . . . . . . .  ( -  10 to +45OC) . . . . . . . . .  .15 lo 115 
mperature Range, 

SINGLE POINT I LOAD CELL 
Model :SPI-7.5 Date: 09-13-1991 

Capac i t y  : 7 . 5  ( 1 b s )  Serial : C16353 

O u t p u t ,  C o m p r e s s i o n  mV/V: 3.127 
remoerafure Effect on Zero- 

Zero aaIance-% Rated Ourpuf < is 7401 E. Butherus Or. 
Shitt E70r' Rated Load applied 3 inches (76 mm) for SPC-3 

thm 15 and 5 tncnes (127 mm) forSPI-25 lhru 150. from 

INTERFACE. INC. 

Sconsdale. Anzona 85260 U.S.A. 

% Rated OutpuU1OO°F (% Rated Oum~u55.6~C)  50.15 

Telephone: (602) 948-5555 Fax: (602) 948-1 924 
Load C211 cenferlin+- Telex: 825-882 

% Rated LOadhCn (a6 Rated Load'25 4 nm)  0.012 
WARRANTY & CEATIFICAnON STATEMENT ON OTHER 



CALI BRAT1 0 N CERTI F1 CATE 

A B c o E F G ( H  J / K  L lWy -0 . MODEL A B '  c 1 0 - j ~ .  F - I G - I  H MODEL 
In. 3 5% 1% ' '12 x SJ 1 j In. 3 5% '12 50 1 5 ''''1 

S?:!-3 10.32 24 
SPI-25 & 50 mm . 76 130, 32 1124 6 4  1 2 7 ,  25 i727 mrn 76 130 12.7 4 2  6 4  12.7 25 127 38 51 ---- 

I 1.00 1.5 6 I 1 In. 3 5% 34 $14 1, 

L I I L . , !  04 2s 313 152 
S?!-7 5 

I N STALLATI 0 N I N FO R M AT1 0 N 
1 N STALLAT ION 0 I M EN 

L lTU,2? 

I/'' -28 60 

Vr-29 60 

SPI 
3 thru 15 

mrn 76 130 19 6 4  6 

--I ! SPI 
25 thru 150 

In. 1 3 I67/8 1 1 lh 1 'I2 1 :i 1 001 1 5 1 5 SPI-ME-50 1/4 -28 
"? 12.7 6.4 25 38 752 1 ' i ' 1 ' 2 i - z ~ 4 ~ 8 1  36 1 1 SPI-1 50 -,c . e -  

In. 3 5% 1% Y2 114 50 1 

mm 76 130 32 127 6 4  12.7 2' -"- "" 

l ( l  i' j 

90 

I i l  l i  I I !  ! I  
.=' j I  

j j i I  
I 
I 1  

I - 1 1  
Wiring color code complies with ISA S37.8 "Soecificauons and Tests for 
Strain Gage Force Transducers" and SMA Load Cell Terminology. 1 GSNI-OVV i J r - me Camoreson Uoxaie 

APPLICATION NOTES 
1. SmgIe Point I load cells are designed for controlled environmental a p  

giltations. In general they can be used anywhere a readout instrument 
IS used. 

2. A moisture resistant coating is applied to protect the SPISenes from 
hign humidity conditlons up to and including 95% relawe humidity and 
penodic exposure to condensabon. These units are not intended for 
suomerged operation. 

3. Mounnng screws: thread engagement %'' - V2" (9 - 13mm). 
4 Mounnng surface must be level to wlthin 0.5' 
5. Please exec138 extreme caution whiie handling and installing these load 

cells. 

PERFORMANCE DATA 
Nominai Output-mV/V ................ 
Input Resistance-Ohms ............. 
Ournut Resrstance-Ohms ............ 
Recommended Excitation-VDC . . . . . . .  
Nonlineanty-Oh Rated Output . . . . . .  

leresis-% Rated Output . . . . . . . . . .  
oerature Range. 

. . . . . . . . .  ( - 10 to 

........... 
. . . . . . . . . .  
. . . . . . . . . .  
. . . . . . . . . .  
. . . . . . . . . .  

+ 45 'C) 

............... J 

. . .  .350+50/-3.5 
....... .35023.5 
. . . . . . . . . . . . .  10 
. . . . . . . .  < = a 0 2  
. . . . . . . .  < 20.02 

15 to 115 

6. Maximum Moment 
Rated Capacdy 
0-3 Ib. 
0-7.5 Ib. 
0-15 Ib. 
0-25 Ib. 
0-50 Ib. 
0-100 Ib. 
0-150 ib. 

Maximum Moment 
9 Ib -In.  

22.5 Ib - In. 
45 lb - In. 

125 Ib - In. 
250 Ib - in. 

500 Ib -in. 
500 fb - In. 

7. Applications inwhring impadovertoad forces may require exremal stops. 
Request INTERFACE pubiicabon IF1 #59 for additional informabon. 

SINGLE POINT 
Mode 1 : SP 1-7.5 

( C a p a c i t y  : 7 . 5  

O u t p u t ,  Campression 

ILOAD CELL 
Date:09-15-1491 

l b s )  Serlal: Ci6355 

m V i V :  3.i33 
Temoerature Eifect on Zero- 

Zero aalance-% Rated Oufpuf 
Shih Error: Rated Load aoplied 3 inches (76 mrn) for SPI-3 

!nru 15 and 5 incttes (127 mm) lorSPI -25 lhru 150. from 

INTERFACE. INC. 

Scontdale.  Arizona 85260 U.S.A. 

0.4 Rated OutpuVIOO°F. . . . .  .(% Rated O~tput155.6~C). . . . .  :20.15 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  7401 E. Butherus Or. < '-5 

Teiephone: (602) 948-5555 Fax: (602) 948-1 924 
b a a  Cell centerlin+ Telex: 825 -882 

WARRAN77 & CERTIFICATION STATEMENT ON OTHEi l  SIDE 
% 8afed Loadhncn (oh Rated Load/25 4 mm) 0 012 



CALI B RAT1 0 N C E RTI FI GATE 
ANCED FORCE MEASUREMENT I N S TA L LAT IO N I N FO R M AT I 0 N 

i N STA L LAT 1 ON D I M EN S I ON S 
4 

-10 
J f  

I a - € -  
- I -  
- 6 -  

s PI 
3 thru 15 4 11 

LOA0 CIL 

I i  
I 4  

~ ig: Exceeaing recommended torque levels may damage load cetls. 
nnnn Insrnicnnns. Fas:en mounnna surface to flat Sunace with ~0 mountma screws. Fasten load receiver !o loadino surface wlth two screws 

'Typical two places on all S?Is 25 thru 150 
. .... i ~- - - -  - nuu. .....= 

ELECTREAL JNFORMATION 
SPISertes is provideo witn 4-conauc:or shielded cable (AWG 28) 5 feet 
(1 Sm) long. 

Wiring color csde comolies with ISA S37.8 "Scecificatlons and Tests for 
Strain Gage Force Transducers" and SMA  Load Cell Terminology. 

I mr Comoression Uoxale 

APPLlCATION NOTES 6. Maximum Moment 
1. Single Point I load cells are designed for conffolled environmental a0- Rated Capacity 

piicatlons. In general they can be used anywhere a reaaout vIStrUment 0-3 Ib. 
IS used. 0-7.5 Ib. 

0-15 Ib. 
high humidity conditions up to and including 95% relatrve humidity and 0-25 ib. 
penodic exposure to conaensahon. These units are not intended for 0-50 Ib. 
suomerged ooeration. 0-100 Ib. 

0-150 Ib. 

2. A moisture resistant coating is applied to protect the SPISenes from 

3. Mounting screws: thread engagement %'' - 1h" (9 - 13mm). 
4, Mounting surface must be level to within 0.5'. 
5. P!eaS3 exereis extreme Caution while handling and tnstalling these bad 7. A0plicaOons vlwlvlng lmpactlovertoad forces may M u u e  external 5300s. 

ceils. Rwuest INTERFACE publicaoon IF1 159 for addioonal informaoon. 

Maximum Moment 
9 lb - in. 

22.5 lb - tn. 
45 Ib - In. 

125 Ib -in. 
250 Ib - in. 
500 Ib - in. 
500 Ib - In. 

SINGLE POINT I LOAD CELL PERFORMANCE DATA 
Nominal OutDut--mV/V .......................................... 3 
lnout ResistanceOhms .......................... ,350 + 50/ - 3.5 
Ourout Reslstance-Ohms.. ...................... , . . . .  .350r3.5 
Recommended Excltation-VOC .IO Mode 1 : S? I - 7 .  5 
Non-Lineanty-% Rated Output . . . . . . . . . . . . . . . . . . . . . . . . .  < 20.02 . . . . . . . . . . . . . . . . . . . . . . . . . .  ( I b s )  Serial: C l S J 5 3  ysteresis-% Rated OutpUt., c 20.02 C a p a c i t y  : 7. 5 

Comoensated--OF . . . . . . . . . .  ( - t o t o  +45"C) . . . . . . . . . .  15 to 115 output,  

............................. Date : 09-13-199 1 

e moerature Range. 
Compression inV/": 3.12s 

Ternoerature Effect on Zero- 

Zero aalance-% Rated Output 

INTERFACE, INC. 
7401 E. Butherus Or 

Scotdale .  Anzona 85260 U.S.A. 

20.15 
< 2 5  

% Rated Ourpur/lOO°F (% Rated OutpuU55 6°C; 

Shih Error- Fiared Load aopiied 3 inches v6 mm) for SP I-3 
in ru  15 and 5 incnes ( 1  27 mm) for SPl.25 thru 150. from Telephone: (602) 948-5555 Fax: (602) 948-1 924 
Load Cell centerlm+- 

% Rated Loadhncn (% Rated Load125.4 rnm) 0.012 
Telex: 825-882 

WARRANTY & CERTIFICAnON STATEMENT ON O T H E 2  SlOE 



rface 
ONCED FORCE MEASUREMENT 

C A LI B R AT1 0 M C E R TI Fl CAT E 
I N STALL AT IO N I N FO R M AT1 0 N 
1 e 

THRUO  - 
& r- n n u  I I t  0 I 

IhsTALLATlON DIMENSIONS 

A B C ' O *  E - ' F * ( G - ' H  L Tom.ui -#a 
MOOEL A 8 C 0 E F G I H  J K (  L lomu lW0 , MOOEL 

/10.32 24 S?I-25 L 50 -28 60 
In. 3 5% '/2 ?h '14 .so 1 In. 3 5'/8 1 114 '/2 114 

1 mm 76 130 12.7 4 2  6 4  12.7 25 ,127 38 51 

''' 
mm 76 130 32 127 64,12.7 25 127 

in. 3 61h 1% 'h Vi 1.00 1.5 6 

mm 76 156 32 12.7 6 4  25 38 152 

.. 1 I '/a-28 60 
Y4 '14 '/A 50 1 5 l'h 2 

19 6 4  6 4  127 25 127 38 51 
1/1-28 36 SPI-100 

3 6th 1% '/2 '/a 1 .OO 1.5 6 
'/a -28 36 

sP'-150 mm 76 156 32 12.7 6 4  25 38 152, 

571-7 5 

S f T -  15 

s PI 
3 thru 15 

1Tla/ , 50 1 1 5 1112 2 , 
32 12.7 6 4  127 25 ,127 38 51 

- +  

J -  

1 

SPI-AM-so In. '/a -28 90 

UAOIWG 

f SPI J -  i I  

* 25thru150 

SINGLE POINT I LOAD CELL PERFORMANCE DATA 
Nominal Outout-mV/V .......................................... 3 
lnnut Resistance-Ohms . . . . . . . . . . . . . . . . . . .  . .  .350+501-3.5 

Non-Lineanry-% Rated Output . . .  (lbs) Serial: Clb3b0 

Oumut Re s i s t anc4hms .  . . . . . . .  Recommended Excitation-VOC . . .  ..io- Model:SPI-7.5 Date:09-13-1991 

Y steresis-24 Rated Output . . . . . .  

I emperature Effect on Zerc- 

< 20.02 C a p a c i t y  : 7.5 
aerature Range. 

. . . . . . . . . .  :smpensated--aF . . . . . . . .  ..(- io  to + 4 5 q  1 5  to 115 O u t p u t ,  Compression m u / " :  3-242 
INTERFACE. INC. 

7401 E. Butherus Dr. 
Scottsdale. Arizona 85260 U.S.A. 

3'0 Rated OutouUlCO'F. . . . . .  (% Rated O~tput/55.6~C). . . . . .  50.15 

* 
Zero 8aIance-% Rated Ouiout . . . . . . . . . . . . . . . . . . . . . . . . . . . .  c 25  
Shiit Error: Rared Loa0 aoplied 3 inches (76 mm) for SP I-3  

!nfu 15 and 5 incnes (127 mm) forSP1-25 thru 150, from 
Load Cell centerfin+ Telex: 825-882 

Telephone: (602) 948-5555 Fax: (602) 948-1 924 

. . . . . . . . .  0% Rarea Loaolincn (016 Rated Load25.4 mrn) 0.012 WARRANTY & CERTIFICATION STATEMENT ON OTHER SIDE 

. , _ii- 



CALI B R AT 1 0 N C E R T I F I CAT E 

MOOEL I A  B ( C  D I E  F I G  H J K L '=',"_ MODEL A . 8 C D' E' F' G' H L 
in. 3 5% 1 %  '/? '/4 .So 1 5 

10-32 24 SPI-25 B 50 ?/A -28 
mm 76 130 32 127 6 4  12.7 25 127 

In. 3 6% 1 %  'h '/a 1.00 1.5 6 
%-28 36 SPI-100 Th -28 

571-3 

mm 76 156 32 12.7 64 25 38 152 
S??- 7 5 

NCED FORCE MEASUREMENT I N STALL AT1 0 N I N FO R MAT IO M 

1-b 

60 

60 

s PI 
3 t h ru  15 

in. 3 5% 1 %  '12 YA 501 1 5 17/21 2 saT-;\A6-50 in. 3 6% 1 %  'h 
SPT- 15 V4-28 36 SpI-150 

mm 76 156 32 12.7 6 4  mm 76 130 32 12.7 6.4 12.7 25 127 38 . 51 

LOAPING -n  

1.00 1.5 

25 38 152, 

--I * i spl 25 thru150 
I ' I  I 

A P P LlC AT10 N NOTES 
1 .  Single Point I load cells are designed for controlled environmental ao- 

plications. In general they can be used anywnere a readout instrument 
IS used. 

2. A mosture resistant coating IS applied to protect me SPISenes from 
high humldrty condttrons up to and including 95% relawe humtdity and 
penodic exposure 19 condensahon. These units are not intended for 
submerged operation. 

3. Mounnng screws: thread engagement %'* - Vz" (9 - 13mm). 
4 .  Mounnng surface must be level to wdhin 0.5' 
5. P!easa execs?  extreme caution while handling and installing these bad 

cells. 

6. Maximum Moment 
Rated Capacrty 
0-3 Ib. 
0-7.5 Ib. 
0-15 Ib. 
0-25 ib. 
0-50 Ib. 
0-100 Ib. 
0-150 Ib. 

Maximum Moment 
9 Ib - in. 

45 Ib - in. 
125 Ib - in. 
250 Ib - in. 
500 Ib - in. 
500 Ib - in. 

22.5 Ib - in. 

7. Applicanons inwhrlng impact/overload forces may requue external stops. 
Request INTERFACE publicaoon IF1 #59 for additional informanon. 

SINGLE POINT I LOAD CELL PERFORMANCE DATA 
Nominal Output--mV/V .......................................... 3 
Inpuf Resistance-ohms . . . .  . . . . . . . . . . . . . . . . . . .  .250+50/-3.5 
Output R e s s t a n c d h m s . .  .35Ok3.5 Date:li-l?-199i Recommended Excitation-VDC . . . . . . . . . . . . . . . . . . . . . . .  
Non-bneanty-% Rated Output < 2 0.02- . 9 -  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  
10:ode i : 5F i-7.5 

. . . . . . . . . . . . . . . . . . . . . . . . .  (ICs) Serial: Cie36; teresis-% Rated Outout . . . . . . . . . . . . . . . . . . . . . . . . . . . .  < 20.02- P P  CA -Y : / - 3 
oerature Range, - 
moensa[ed-oj= . . . . . . . .  ( - loto  +d5oc) . . . . . . . . . .  15to 115::~t ;~:t ,  CompFessizn m i ' i v :  J - L ~ J  

INTERFACE. INC. 
7401 E. Burherut Dr. 

Scottsdala. Arizona 85260 U.S.A. 

Telex: 825-882 

I emoerature Effect on Zero- 

Zero Ealance-% Rated Outout.. . . . . .  
Shift Error: Rated Load aDDlied 3 Inc9es (7E mm) !or SP!-3 

!nru 15 and 5 inches (127 mmJ forSPI-iS tnru 150, from 
Load Cell centerline 

% Flared oUtOUt/looo~ . . .  . (% Rated Out~uV5S.6~C). . . . . .  20.15 
. . . . . . . .  < +s  

?Lib 
Telephone: (602) 948-5555 Fax: (602) 948-1 924 

0.012 % Sated Loadincn (?a Rared LOaOl25.4 rnrn] 
WARRANTY 0 CERTtFIU7JON STATEMENT ON OTHER SlOE 



C A LI B RAT1 0 N C E R TI FI CAT E 

MODEL I A  B C D E F l G l H  J K L Ih lb  MODEL A B I C 0.1 E' F' G' 
3 5% T/z 3 s  'h .50 1 5 llii 2 in. 3 S1,i l'/r "2 Y4 S O  1 

10-32 24 sz-25 a 50 
mm 75 130 32 127, 6 4  127 25 

in. I 3 1 6% 1 1'14 '/2 1 '/a 1.00 1.5 

mrn 76 155 32 127,  6 4  25 38 
in ' 3 ' 6l/* 1% '12 l/a 1 .OO 1.5 

mm 76 I ! !  156 32 12.7 6 4  25 38 

75 130 127 A 2  6 4  127 25 127 38 51 
3 57h ah ~4 .so 1 5 1 %  2 

76 130 19 6 4  6 4  12.7 25 127 38 51 
l/4 -28 36 S?!-lOO 

I !  1 S??-3 
4 

sp1-150 
in. 3 I 1 %  1 '/z '/a I 5 0  1 1 5 llh 2 1 sx-,m-5a 

' i d - 2 8  36 

SP1-7 5 

CPT- 15 
rnrn 76 130 32 12.7 64.12.7 25 127 38 51 

~ V A N C E D  FORCE MEASUREMENT 

H L T O m u I  lhlF 

5 

127 
6 

152 
6 

152 

ii -28 60 

i 
j 

i 

"4-28 

'A-28 90 

I N STALL AT1 0 N I N FO R M AT1 0 N 

I I - t -  

I N STALL AT 10 N D I M EN S IONS 

-c- 
- F -  - t - ,  

- G -  - 6 " ;  
I -  

s PI 
3 th ru  15 s PI 

25 thru 150 

-w 

C 

APPLICATION NOTES 
1. Single Point I load cells are designed for controlled environmental a p  

plications. In general they can be used anywhere a readout instrument 
IS used. 

2. A moisture resistant coating is applied to protect the SPISenes from 
hign humidity conditions up to and including 05% relatwe humidity and 
penodic exposure to condensatton. These units are not intended for 
suomerged operation. 

3. Mounbng screws: thread engagement Y8" - lh" (9 - 13mm). 
A. Mounnng surface must be level to within O S 0 .  
5. Please exercise extreme caution while handling and installing mese load 

cells. 

6. Maximum Moment 
Rated Capacity 
0-3 lb. 
0-7.5 Ib. 
0-15 Ib. 
0-25 Ib. 
0-50 Ib. 
0-100 Ib. 
0-150 Ib. 

Maximum Moment 
9 Ib - in. 

45 Ib - in. 
125 Ib - in. 
250 Ib - in. 

500 Ib - in. 

22.5 Ib - tn. 

500 Ib - in. 

7 .  AppliCdbOnS tnvolving impactlovedoad forces may require edema1 stoos. 
Request INTERFACE publicanon IF1 #59 tor additional tnforrnation. 

SINGLE POINT I LOAD CELL PERFORMANCE DATA 
Nominal Output-mV/V .......................................... 3 
Inout flesistanceOhms . . . . . . . . . . . . . . . . . . . . . . . . . .  ,350 + 501- 3.5 
Ourout Res i s tancMhms  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .350 2 3.5 
Recommended Excitation-VOC . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .10 Mode 1 : s? 1-7. 5 
Non-Lineanty-% Rated Output . . . . . . . . . . . . . . . . . . . . . . . . .  < 2 0.02 

steresis--o/o Rated Output.. . . . . . . . . . . . . . . . . . . . . . . . . .  < 20.02 

Date:09-13-1991 

. ( l b s )  S e r i a l :  C16373 5 C a p a C i  ty : 7 
muerature Range. 
Cornoensated--OF . . . . . . . . .  ( - l o t o  + 4 5 ~ ) . . . .  . . . . . .  1510 115 g u t p u t ,  CDmpression mu/": 3 -  106 

INTERFACE. INC. 
7401 E. Butherus Or. 

Scottsdale. Arizona 85260 U.S.A. 

Temperature Effect on Zero- 

Ze.o Balance-% Rated Outout 
J' 9% Rated Outpuvl W°F ( O h  Rated Out~uu55.6~C) '0 15 

< '5 
Error: Rated Load aoplied 3 inches (76 mm) for SP!-3 

:nru 15 and 5 inches (127 rnm) forSPI -25 Ihru I 50. from 
Lcad Cell centerfin- Telex: 825-882 

Telephone. (602) 948-5555 Fax: (602) 948-1 924 

WARRANTY & CERTIFICATION STATEMENT ON OTHER SIDE 
Ratea Loadincn (% Rated Load25 4 mrn] 0 012 



rface 

\ A  B C D E ' F  G H J K L '2r MOO& A j B c D- E* F* G-1 H L '2," MODEL 
in. 3 5l/s 1 %  I12 1/r 50 1 5 in. 3 51/8 v2 'As 114 50 1 5 lV2 2 S?I-25 B 50 1 / ~  -28 60 10-32 24 

SPI-3 rnm 76 730 32 127 6 4  127  25 127 mm 76 130 127  4 2  6 4  127 25 127 38 51 
in. 3 6 1 h  1% '/z 

mm 76 156 32 12.7 
lir -28 60 

'/A -28 90 

in. 3 51/* 3h 1/4 'h 50 1 5 l'h 2 
521-7 j 7/4-28 36 SPI-100 

mm 76 130 19 6 4  6 4  127 25 127 30 51 
in 3 1 l/. 1/2 >/a 50 1 5 1?2 2 

mm 76 130 32 127 64.12.7 25 127 38 51 

SPI-AAB-50 I n  3 67,5 1 V4 1;2 114 1 00 1 5 1 6 1 
sp1-150 mm 76 156 32 12.7 6 4  25 38 , 1 5 2 ,  

1/4 - 28 36 S??- 15 

CALI B R AT1 0 N C E R TI FI CAT E 

__3 - ELECTRICAL INFORMATION 
wHT1-W SPlSenes is provided wdh 4conductor shielded cable (AWG 28) 5 feet 

(!.5m) long. ___t nu. I-uc 

Wiring color code complies wrth ISA S37.8 "Specificabons and Tests for 
Strain Gage force Transducers" and SMA Load Cell Terminology. 

- 
- 1 1  
I GaN l.W 

i SI+IEU) 

- -4 Cornpresrron Upwale 

1. 

2. 

3. 
4. 
5. 

6. Maximum Moment APPLICATION NOTES 
Single Point 1 load cells are desqned for controlled environmental a p  
plrations. In general they can be used anywhere a readout instrument 

Rated Capacdy Maximum Moment 
0-3 Ib. 9 Ib -in. 

IS used. 0-7.5 Ib. 22.5 Ib - in. 

hign humidtty conditions up to and including 95% reiatwe humidtty and 
penodic exposure to condensabon. These units are not intended for 250 Ib - in. 
suomeqed operation. 0-100 Ib. 500 Ib - in. 

Mounting screws: thread engagement %" - Yz" (9 - 13mm). 500 Ib - in. 

A moisture resrstant coahng is applied to protect the SPISenes trom 0-15 Ib. 45 Ib - in. 
125 Ib - in. 0-25 Ib. 

0-50 lb. 

0-150 Ib. 

Mounttng surface must be level to wdhin 0.5'. 
Please exereise extreme caution whtie handling and installing these load 
cells. 

7. Applica~ons W b n g  impactlovedoad forces may require external Stops. 
Request INTERFACE publicahon IF1 #59 for additional informauon. 

PEFIFORMANCE DATA 
Nominal Output-mV/V .......................................... 3 
Inout Resistance-Ohms.. ........................ .350+501-3.5 
Output Ressance-Ohms ............................. .35023.5 
Reammended Excitation-VDC ............................... lo 
Non-Cineanty-Oh Rated Output . . . . . . . . . . . . . . . . . . . . . . . . .  < 5 0.02 
Hvs:eresis-% Rated Output.. . . . . . . . . . . . . . . . . . . . . . . . . .  < 50.02 

oerature Range, 
omoensated--"f . . . . . . . . .  . ( -  10 to c45OC). . . . . . . . .  .15 to 115 @ moerature Effect on Zero- 

06 Rated O U ~ D U ~ ~ O O ~ F . .  . . .  ,146 Rated Out0uU55.6~C~. . . . .  10.15 . _ _  ~ ~ 

Zero Baiance-% Rated Output . . . . . . . . . . . . . . . . . . . . . . . . . . . .  < 25  
Shitt Error: Rated Loao applied 3 inches (76 mm) for SPI - 3 

tnru 15 and 5 incnes (127 mm) forSP1-25 thru 150, from 

SINGLE POINT I LOAD CELL 
Model : SP 1-7.5 Date:0?-13-1991 

Capac i t y  : 7 . 5  ( l b s )  S e r i a l :  Ci6374 

Output, Compression mV/V: 3.114 
INTERFACE. INC. 

7401 E. Butherus Dr. 
Scotttdale. Arizona 85260 U.S.A. 

Teieuhone: (602) 948-5555 Fax: (602) 948-1924 
Load Cell centerline- Telex: 825-882 

W A R R A N T  b CERTlFlCATloN STATEMENT O N  OTHER SIDE Rated Loadfinch (% Rated Load25 4 mm) 0.012 

a - - , e  ,- c s  i 



CALI B R AT 1 0 N C E R TI F I CAT E 

I 

~ 

I 

A 

I 
A B C D E F G H ( J ' K (  L 'omu l h l D  MODEL A I E C 0' E' F' G' MOOEL 

in. 3 SI/, 1 %  'h Y4 50 1 in. 3 5% 'h %s 1/r 50 1 5 lln 2 

mrn 76 130 12.7 4 2  6 4  127 25 127 I !  38 51 
In. 3 5% % 1/4 114 S O  1 5 lln 2 

10-32 24 S?I-25 & S O  
mm 76 130 32 127 6C 127 25 , 
in. 3 6% 1% 'h '14 1.00 1.5 1 

571-3 

1. 

2. 

3. 
4. 
5. 

H L 'Omu lh'8 

5 

127 
'/A-28 60 

6 
/'.-28 60 

APPLICATION NOTES 6. Maximum Moment 
Single Point I load cells are designed for controlled environmental a p  Rated Capacity Maximum Moment 
plications. In general they can be used anyhere a readout instrument 0-3 Ib. 9 Ib - in. 

S?!. 7.5 1 1 - 2 8 1  36 s?!-loo mm 76 156 32 12.7 6 4  25 
rnm 76 130 19 6 4  6 4  12.7 25 127 38 51 

IS used. 
A moisture resistant coahng IS applied to protect the SPlSenes from 
high humidity conditions up to and including 05% relative humldity and 
periodic exposure to condensahon. These units are not intended for 
submerged operation. 
Mountmg screws: thread engagement ?i'' - lh" (9 - 13mm). 
Mountrng surface musi be level to within O S 0 .  
Please exercise extreme caution while handling and installing mese bad 
cells. 

38 152 

0-7.5 Ib. 
0-15 Ib. 
0-25 Ib. 
0-50 lb. 
0-100 Ib. 
0-150 Ib. 

In 3 5% 1% i/z 114 ''1 ' 
1/.-28' 36 S?I- 15 

mrn 76 130 32 12.7 6 4  12.7 25 127 38 51 

. _  . 

22.5 Ib - in. 
45 Ib - in. 

125 Ib-in. 

500 Ib - in. 
250 Ib - in. 
500 Ib - in. 

spI-AAB-50 ~n. 3 6% l'h 1 h  '/a 1 00 1.5 

mm 76 156 32 12.7 6 4  25 38 - 

7. AppiicanonS inwhring impactloverload forces may require external stops. 
Request INTEFIFACE publicahon 1R #59 for additional information. 

SINGLE POINT I LOAD CELL PERFORMANCE DATA 
Nominal Output-mV/V .......................................... 3 
Input Resistance--Ohms . . . . . . . . . .  
OutDut ResistancP-Ohms.. ... .......... .350*3.5 Date:09-13-1991 
Recommended Excitation-VDC ................ 10 Model:SPI-7.5 

. . . . . . . . .  .350 -+ 501 - 3.5 

Non-Lineanry-% Rated Output . . . . . . . . . . .  < 500.02 ( 1 bs 1 Serial : Cl6375 
Hysteresis--% Rated output.. .......................... < 20.02 C a p a c i t y  : 7 - 5 

perature Range, 
moensated-OF . . . . . . . . . .  (-10 to +4S0C) . . . . . . . . . .  15 to 115 O u t p u t ,  

04 Rated 0utput/10O0F. . . . .  .(% Rated oulO~ff55.6~C). . . . .  :20.15 
Zero aaIance-% Rated Output.. . . . . . . . . . . . . . . . . . . . . . . . . . .  < 2 5  
Shih Error: Rated Load applied 3 inches (76 mm) for SpI-3 

thru 15 and 5 inches (127 mm) torSPI-25 thnr 150. trom 
Load Cell centerline- Telex: S25-882 

Compre s s i o n  m V / V :  3*151 
Effect on Zer- INTERFACE. INC. 

7401 E. Butherus Dr. 
Scontdale. Arizona 85260 U.S.A. 

Telephone: (602) 948-5555 Fax: (602) 948-1 924 

. . . . . . . . . . .  
WARRANTY & CERTlFlCATlON STATEMENT ON OTHER SIDE 

0'0 Rated Loadhnch (% Rated Load25.4,mmJ 0.012 

..... . ."__l;____ 
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SPI 
3 thru 15 

25thru150 C= 

C A LI B R AT 1 0 N C E R T I F I CAT E 

I 

I 
I 

% I  

A B C D E F C H I J  K I  L l T m u  iwa  MODEL A B C D' E' F' 
in. 3 5% l1A !4 '/r .SO 

mm 76 130 32 1 2 7  6 0  127 .  

MODEL 
in. 3 5:/a l/z YlS l h  30 1 

ELECTRICAL INFORMATION 
SPISeries is provided wdh 4conducror shielded cable (AWG 28) 5 feet 
(1.5m) long. 

Wiring color code complies wdh ISA S37.8 "Swcificauons and Tests for 
Strain Gage Force Transducers" and SMA Load Cell Terminology. 

i -i SHIELD , Cornoression Upscale 

lhlb G' H L lomu 

1 5 

25 127 

APPLJCATION NOTES 
1 .  Single Point I load cells are designed for controlled environmental ap. 

plications. In general they can be used anywhere a readout instrument 
IS used. 

2. A moisture resistant coating is applied lo protect me SPISenes from 
hign humidity conditions up to and including 95% relative humidity and 
penodic exposure to condensation. These units are not iniended for 
suomerged operation. 

3. Mounting screws: thread engagement I/a" - lh" (9 - 13mm). 
4. Mountlng surface must be level 10 within O S 0 .  
5. Please exercise extreme caution whiie handling and installing these bad 

cells. 

>y:3 --. / l l /z  110-32 24 SPI-25 8 50 
rnm 76 130 1 2 7  4 2  6 4  127 25 127, 38 51 

In. 3 Vi 114 1/4 50 1 J 1 'n 2 

mm 76 130 19 6 4  64,12.7 25 127. 38 51 

in. 3 

mm 76 
3 

sr"1-7 5 1/4-28 36 SP!-100 

~- 

SPI-ME-50 I n '  In  3 1 %  I ll2 V~ I 50 1 5 1 1v2 2 1 
lh -28 36 sp'-150 mm 76 S'I- 15 

mm 76 130 32 12.7 6 4  127 25 127 38 51 

6. Maximum Moment 
Rated Capacity 
0-3 Ib. 
0-7.5 Ib. 
0-15 Ib. 
0-25 Ib. 
0-50 Ib. 
0-700 Ib. 
0-150 Ib. 

V4 -28 60 

6% 1 %  'h '14 

156 32 12.7 6 4  
6'/@ 1 1 %  V2 1 'A 1 .OO 1.5 6 

%-28 90 
156 32 12.7. 6 4  25 38 152 

Maximum Moment 
9 lb * in. 

22.5 Ib - in. 
45 Ib - In. 

125 Ib - in. 

500 Ib - in. 
500 Ib - in. 
250 Ib - in. 

7. Applicanons involving impactlovedoad forces may reauire external stops. 
Request INTERFACE publicanon IF1 #59 for addrttonai informanon. 

SINGLE POINT I LOAD CELL PERFORMANCE DATA 
Nominal Outout-mV/V .......................................... 3 
lnoui Resisrance-Ohms .......................... ,350 + 501-3.5 
OutDut Reslstance-Ohms .350 2 3.5 
Ftecommended Excitation-VOC . . . . . . . . . . .  

............................. aate:ll-:9-i9?i . . . . . .  tflode 1 : 5? I-7 . 5 
. . . . . . . . . . . . . . . . . . . . . . . . .  ( i b s )  Serial: cl&388 Non-Cineanty-% Rated Output < kO.02- - -  

Hysteresis--% Rated Output.. . . . . . . . . . . . . . . . . . . . . . . . . . .  c =u.u,?-s pa r i  t y  : 1 . 2 - oerature Range. - 
uerature Effect on Zerc- 

. mpensated-ef . . . . . . . . . .  ( -  I O  Io + 4 5 0 ~ )  . . . . . . . . .  . i s  10 1 ISJU t F)LI t , t c m  pres s i on m v  /v : -0 i i 9 

INTERFACE. INC. 
7401 E. Butherus Or. 

Scottsdale. Arizona 05260 U.S.A. 

% Rated Output/ioOaF. . . . .  .(Oh Rated Ourp~U55.6~C). . . . .  .'+0.15 
Zero Gaiance-% Rated Outout . . . . . . . . . . . . . . . . . . . . . . . . . . . .  < 2.5 
Shitr Enor: Rated Load applied 3 inches (76 mm) for SPI- 3 

tnru 15 and 5 inches (121 rnrn) forSPI-25 thru 150, from 
Loaa Cdl centerlin- Telex: 825-882 

Q 
Telephone: (602) 948-5555 Fax: (602) 948-7924 

cb FtaIea Loadlinch ('70 Rated LoaU25.4 mm) . . . . . . . . . .  0.012 
WARRANTY & CERTlFiCATlON STATEMENT ON OTHER SlOf 



C A LI B RAT I 0 N C E R TI FI CAT E 

P 
i MODEL A B c D E ~ F ~ G ~ H  J ~ K I  L lhlb MODEL A B C D' E' F' G' H 

in. 3 1% Vz 114 .SO 1 5 

mm 76 130 32 127 64  127 25 127 

in. 3 51/s 112 YltS 50 1 5 1 l1z 
10-32 24 SPI-25 a 50 

i 

t 1/4-28/ 36 S?I-100 i 
1 C'I- 15 

mm 76 130 127  42 641124 25 1127 38 15: I 
5 1'12 in. 3 6% 1% lh lh 1.00 1.5 6 in. 3 5% % 114 114 ''1 1 1 mm 76 130 19 6 4  6 4  127 25 127 38 51 mm 76 156 32 127 6 4  25 38 152 

I 3 6% 1% ih lh 1.00 7.5 6 
in 3 5.1~ 1% 1h 1 h  SPI-AAB-50 I n '  

';A -28 36 
mm . 76 156 32 12.7 6 4  25 38 152 mm 76 130 32 12.7 6 4  

i 

I N 8  
L lomu 

'14 -28 60 

114 -28 60 

%-28 90 

1. 

2. 

3. 
4. 

5. 

6. Maximum Moment 
APPLCATION NOTES 

Single Point I load cells are designed for controlled environmental a p  
pltcations. In general they can be used anywhere a readout instrument 

Rated Capacdy Maximum Moment 
0-3 Ib. 9 Ib - in. 

is used. 0-7.5 lb. 
A moisture resistant coating is aOplied to protect the SPISenes from 0-15 Ib. 
hioh humidity conditions up to and including 95% relative humiaity and 0-25 Ib. 
periodic exposure to condensauon. These units are not intended for 0-50 Ib. 
suomerged operation. 0-1 00 Ib. 
Moununa screws: thread enaaaement ?4" - lh'* (9 - 13rnm). 0-150 lb. 

22.5 Ib - in. 
45 Ib - in. 

125 Ib - in. 
250 Ib - in. 
500 Ib - in. 
500 Ib - in. - -  

Mountmi surface must be level to within O S o .  
Piease exerclse extreme caution while handling and installing these load 
cells. 

7. Applicat~ons tnwlving impactloverload forces may requVe external Stops. 
Request INTERFACE publicaUon 1FI 159 for additional information. 

PERFORMANCE DATA 
Nominal Outout-mV/V ..................................... ...... 3 SINGLE POINT I LOAD CELL 
lnout Resisknce-Qhms . . . . . . . . . . . . . . . . . . . . . . . . . .  ,350 + 501 - 3.5 
Outout Resistance--Ohrns. ,350 2 3.5 

Non-Lineanty-% Rated Output 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Date:ll-19-1991 Rewmmended Excitation-VDC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  l@iCdE 1 : SF I -7 . 5 

Hvsteresis--% Rated Outout.. . . . . . . . . . . . . . . . . . . . . . . . . . .  c ? O . O ; L ~ ? ~ c i  t Y  : 7 - 5 
. . . . . . . . . . . . . . . . . . . . . . . . .  ( 1 s ~ )  Serial: C16381 < 5 0.02- 

oerature Range. I 

cerature Effect on Zero- 
moensatea-oc . . . . . . . . . .  (-loto + 4 5 q  . . . . . . . . . .  15to 1 1 ~ u t ~ a t ,  Lsnpression m V / V :  J. i b l  

INTERFACE. INC. 
7401 E. Butherus Dr. 

Scottsdale, Arizona 85260 U.S.A. 

Telex: 8 2 5 - 8 8 2  

% Rated Output1100OF. . . . . .  (% Rated Outp~v55.6~C). 20.1 5 
Zero Saiance-% Ratea Outout.. . . . . . . . . . . . . . . . . . . . . . . . . . .  < = 5  
Shitl Enor: Rated Loaa aoplied 3 inches 176 mm) tor Sp!. 3 
:nm :5 and 5 iflcnes (127 mm) forS?!.25 thru 150. from 
i z a d  Cell cen!edin+ 

. . . . .  
dk 

Telephone: (602) 948-5555 Fax: (602) 948-1 924 

% Ratea Loaoftncn (4.6 Rated Loaa25.4 rnm) . . . . . . . . .  0.012 
WARRANTY & CERTlFlCATlON STATEMENT ON OTHER SIDE 



CALI B R AT1 0 N C E RTI FI C ATE 

s PI 

- VANCED FORCE MEASUREMENT INSTALLATION IN FORMAT10 N 
1 

TwIluo 
rmuL 

, + 
L l  - + - - . ? t ' c  *c *A 

L L AT 1 0 N D I M EN SI ON S 
t 

* -  __ .I .I. 

I 

! s PI . .  

r A B C D E F G H J K  L T m u  khr8 MOOEL A B C 0' E' F' G ' I  H MODEL 
in. 3 5'/s 1 '/A '/2 '/A .So 1 5 in. 3 51/8 ?/Z VA .50 1 5 1% 2 

10-32 24 SPI-25 a 50 
mm 76 130 32 727 64 127 25 127 
in. 3 6% 1% Vi '/A 1.00 1.5 6 

mm 76 156 32 12.7 6 4  25 38 152 

mm 76 130 12.7 4 2  64 12.7 25 127. 38 51 
in. 3 5% YA I/A '/. S O  1 5 1% 2 

i s2!-3 

S'I-7 5 1 /v1.28 36 SP!.lOO 
mm 76 130 19 64  64 12.7 25 127 38 51 

3 61/s, 1% 'h '/A 1 00 1.5 6 3 5% 1 VA V2 SPI-AA0-50 In* 

76 130 32 72.7 6 4  72.7 25 127 38 51 

50 1 5 1 VZ 2 
'/A -28 36 

sp1-150 mm 76 156, 32 12.7 64 2 5 ,  38 152 
S2I- 15 

APPLICATION NOTES 
1. Single Point I load cells are designed for controlled environmental a p  

plrations. In general they can be used anywhere a readout instrument 
IS used. 

2. A moisture resistant coating is applied to protect the SPISenes from 
hign humid@ conditions up IO and incfuding 95% relatwe humidity and 
penodic expasure to condensanon. These units are not intended for 
suomerged operation. 

3. Mounnng screws: thread engagement 
4. Mounnng surface must be level to withrn O S 0 .  
5. Please execs? extreme caution while handling and installing these bad 

- 'h" (9 - 13mm). 

cells. 

l a b  L 

114 -28 60 

%-28 60 

'/A -28 90 
L 

6. Maximum Moment 
Rated Capacity 
0 3  Ib. 
0-7.5 Ib. 
0-15 Ib. 
0-25 Ib. 
0-50 Ib. 
0-1 00 Ib. 
0-150 Ib. 

Maximum Moment 
9 Ib - in. 

22.5 Ib-in. 
45 Ib - in. 

125 Ib - in. 
250 Ib - in. 

500 Ib - in. 
500 Ib - in. 

7. Applicanons invohnng impadoverload tones may require external stops. 
Request INTERFACE publicabon IF1 #59 for additional informahon. 

SINGLE POINT I LOAD CELL PERFORMANCE DATA 
Nominal Output-mV/V .......................................... 3 
Input Resistance-Ohms .......................... .350 + 501- 3.5 
Ournut Resstance-Ohms.. ........................... .35023.5 
Reammended Excrtatloo-VDC ............................. .1o'lod e 1 : 5 7  1-7 
Non-Lineanty-% Rated Output . . . . . . . . . . . . . . . . . . . . . . . .  < 2 0.02- 
Hysteresis-% Rated Output.. . . . . . . . . . . . . . . . . . . . . . . . . .  < C O . O & a Q a c i  t Y  : 7 . 5 

. Date:ll-19-1991 5 

( I b s )  Serial : CibJ63 
oerature Range, 
ampensated-OF . . . . . . . . . .  ( -  10 to +45'C) . . . . . . .  @ rnoerature Effect on Zero- 

0.b Rated 0utpuVlOo"F. . . . .  .(Oh Rated Out~uV55.6~C) 
Zero Balance-% Rated OUtDUt.. . . . . . . . . . . . . . . . . . . . .  
Sht; Enor: Rated Load aoplied 3 inches (76 mm) for SPI-3 

:nru 15 and 5 inches (127 mm) forSP1-25 thrd 150. from 

. , .15 to 113a tP-1 

. . _ . .  $0.15 
. . .  . < ) 5  

t ,  Compression rnV/U: 2.162 
INTERFACE. INC. 

7401 E. Butherus Dr. 
Scottsdale. Arizona 85260 U.S.A. 

Telephone: (602) 948-5555 Fax: (602) 948-1 924 
LGad Cell centerlin+ Telex: 825-882 

WARRANTY & CERTIFICATION STAiEMENT ON OTHER SIDE 
$6 Ratea Loadincn (Oa Rated Loadi25 4 mm) 0 012 

5-- .*-  - I 
-- 



C A L I B RAT 1 0 N C E RT I F I CAT E 

r 

. . .  s PI 
s PI i- 

3 thru 15 A 

- VANCEO FORCE MEASUREMENT I N STALL AT1 0 N I N FO R M AT1 0 N 

I 
I 

I A 

I N ~ T A  L LAT I ON D I M EN s ION s 
e 

I 
25thru150 4 I I I 

-f - 
c c1 

* G -  
-x-l--- 

I 
I I 

A B C D E F G H J K  L ' - "  li.m MODEL A 1 B C 0' E' F' G' H I L lomu 1M30 MODEL 
in. 3 57/, 1 %  1h S O  1 in. 3 51/, 1/2 1/4 .so 1 5 1% 2 

11/4-28 10-32 24 SPI-25 & 50 
rnm, 76 :30,  32 127 6 4  127, 25 127 

S 3 I - 3  
mrn 76 130 1 2 7  4 2  6 4  127 25 :27 38 51 

3 6s/, 1 %  lh 1/a 1.00 1.5 6 
*/A -28 

mm 76 156 32 12.7 64  25 38 152 

'/A-28 

in. i I in. 3 5'h % '/A v4 .so 1 5 1% 2 
S?I-7 5 'h -28 36 SPI- 100 

rnm 76 130 19 6 4  6 4  12.7 25 127 38 51 

rnm 76 130 I 32 12.7 6 4  12.7 25 127 38 51 

spI-AAB-50 in. 3 6% 1% 'h l / ~  1.00 1.5 6 
1 / ~  -28 36 

mm 76 156 32 12.7 6 4  25 38 152 . 5 0 1 1  5 1% 2 

In. 3 5'h 1 %  'h '14 
SPI- 15 

ELECTRICAL INFORMATION 
SPISeries is provided wrth 4conduclor shielded cable (AWG 28) 5 feet 
(1.5m) long. 

Wiring color code complies wrth ISA S37.8 "Speclicauons and Tests for 
Strain Gage Force Transducers" and SMA  Load Cell Terminology. 

60 I 

60 

90 

APPLICATION NOTES 
1. 

2. 

3. 
4. 
5. 

Single Point I load cells are designed for controlled environmental ap- 
plications. In general they can be used anywhere a readout instrument 
1s used. 
A moisture resistant coating is applied to protect the SPISenes from 
high humidity conditions up to and including 95% relatwe humidity and 
periodic exposure to condensabon. These unas are not intended for 
submerged operation. 
Mountrng screws: thread engagement %'' - lh" (9 - 13mm). 
Mounbng surtace must be level to within 0.5' 
Please exercise extreme cautton while handling and installing mese bad 
relic 

6. Maximum Moment 
Rated Capacrty Maximum Moment 
0-3 Ib. 
0-7.5 Ib. 
0-15 Ib. 
0-25 Ib. 
0-50 Ib. 
0-100 Ib. 
0-150 lb. 

9 Ib - in. 
22.5 Ib - in. 

45 Ib - In. 
125 Ib - in. 
250 Ib - in. 
500 Ib - in. 
500 Ib - in. 

7. Applicatmns involving impactlowdoad forces may require external stops. 
Reauest INTERFACE publicallon In 6 9  for additional informallon. 

SINGLE POINT I LOAD CELL PERFORMANCE DATA 
Nominal Output-mV/V ......................................... , 3 
Input Resistance-Ohms .......................... .350+50/-3.5 
Output Resa iance4hms.  ............................ .350 2 3.5 

ode: :SPI-7.5 Date:ll-19-1991 

apac i t y  : 7 - 5 ( l b s j  Serial: t153SO 
oerature Range. - 
ompensated-Of . . . . . . . . . .  (-loto + 4 5 q  . . . . . . . . . .  15 to it@utaut, ComprecsiDn m V / v :  2 .  177 

INTERFACE. INC. 
7401 E. Butherus Or. 

Scottsdale. Arizona 85260 U.S.A. 

emoerature Etfeci on Zero- 
oh Rated Ourouul O O o f .  . . . . .  (% Rated Outp~u55.6~C). . . . . .  2 0.1 5 

5 

SF 
Zero Balance-% Rated Output . . . . . . . . . . . . . . . . . . . . . . . . . . . .  < 
Shifl Error: Rated Load aopiied 3 inches (76 mm) for SpI-3 

!RN 1.5 and 5 incnes (127 rnm) forSPi-25 thw 1.50, from 
Load Cell centerlin+ Telex: 825-382 

Telephone: (602) 948-5555 Fax: (602) 948-1 924 

. . . . . . .  
W A R R A N P l  E. CERTIFICATION STATEMENT O N  OTHER SIDE 

4'0 Rated Loadhcn (Vo Rated Load125.4 rnm) 0.012 



NCED FORCE MEASUREMENT 

MODEL 
tn 

rnm 
in. 

rnm 
in. 

mrn 

S?I-3 

s x - 7  5 

CPI- 15 

~N~ALLAT ION DIMENSIONS 

A B C 0 E F G H J I< L **IO 

3 5% V2 VTr '14 .SO 1 5 1 V2 2 

76 130 12.7 4 2  6 4  127 25 127 38 51 
3 5% % 1/4 I/, .SO 1 5 11/z 2 

76 130 19 6 4  6 4  12.7 25 127 38 51 
3 51/, 1 %  1h '/A S O  1 5 1V2 2 

76 130 ! 32 12.7 6.4 127 ! 25 127 38 51 

10-32 24 

l/a -28 36 

1/4-20 36 
4 

CALI B RAT 1 0 N C E R T I F I CAT E 
I NSTALLATION IN FOR MAT10 N 

APPLICATION NOTES 
1. Single Point I load cells are designed for controlled environmental a p  

plications. In general they can be used anywhere a readout instrument 
IS used. 

2. A moisture resistant coating is applied to protect the SPISenes from 
high numidity conditions up to and including 95% relative humidity and 
periodic exposure to condensauon. These units are not intended for 
suomerged operation. 

3. Mounting screws: thread engagement ?le" - V2" (9 - 13mm). 
4 Mounting surface must be level to within O S 0 .  
5. Please exercise extreme cautmn while nandling and installing these bad 

cells 

6. Maximum Moment 
Rated Capacrty 
0-3 Ib. 
0-7.5 Ib. 
0-15 Ib. 
0-25 Ib. 
0-50 Ib. 
0-1 00 Ib. 
0-150 Ib. 

Maximum Moment 
9 Ib - in. 

22.5 Ib-in. 
45 Ib -in. 

125 Ib-in. 

500 Ib - in. 
500 Ib. in. 

250 Ib - in. 

7. ApplicabonS mvolwng imDact/ovedoad forces may require external stops. 
Request INTERFACE publicabon IF1 #59 for addltional informatron. 

SINGLE POINT I LOAD CELL PERFORMANCE DATA 
Nominal Outout-mV/V .......................................... 3 
lnout Resistance-Ohms . . . . . . . . . . . . . . . . . . . . . . . . . .  .350+50/-3.5 
Outout Resstanc-hms ............................. .350*3.5 Recommended Excitation-VDC loyeje  i : SFI-7.5 Gate:ii-i7-i9Si 
Non-Lineanty-% Rated Output < 20.02- - c  

.............................. 

. . . . . . . . . . . . . . . . . . . . . . . . .  ( l b s )  Serial: L " i h z G 7  Hysteresis-% Rated Output.. .......................... < kO.02-a P a c i  tY : 1 . 
- oerature Range, 

OmpenSated-0~ . . . . . . . . . .  ( - l o t o  +45*c) . . . . . . . . . .  15 to 115 j~ : t s~ t ,  to ,m~ress ian  mV/V: -'*zz' 
INTERFACE. INC. 

7401 E. Buthems Dr. 
Sconsdale, Arizona 85260 U.S.A. 

Teleahone: 1602) 948-5555 Fax: (602) 948-1 924 

i ernoerature Effect on Zero- 
% Rated Outpuff 1 OOaF. . . . . .  (S4 Rated Outp~ff55.6~C). . . . .  .'k 0.1 5 

Zero Balance--% Rated Output . . . . . . . . . . . . . . . . . . . . . . . . . . . .  < i- 5 
Shift Error: Rated Load applied 3 inches (76 rnm) for Sf!-3 
:nru 15 and 5 inches (127 rnm) forSPI.25 thru 150. from 

@ 

Load Cell centerline- Telex: 825-882 
WARRANTY S CERTIFICATION STATEMENT ON OTHE.'I SIDE 

O'o Rated Loadfinch (VO Rated Loaa25 4 mm) 0 012 

,--.v .. C I  
-__I___- 
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CALI B RAT1 0 N C E RTI F1 GATE 

I 

In40 MODEL A B C D' E' F' G' MODEL [ A  B C 0 E F G H J K L 
in. 3 57/, 1% '/2 ?4 50 1 

mm 76 130 32 127 6 C  127 25 

3 S1/8 'h lh 50 1 5 1 %  2 
10-32 24 SPI-25 a 50 

76 130 1 2 7  4 2  6 4  127' 25 127 38 51 
in. 3 6'/# 1 %  '/z I/a 1.00 1.5 

SPI- 100 
mm 76 156 32 12.7 6 4  25 38 

3 67h l'h 'h 1 00 1.5 

mm 76 156/ 32 12.7 6 4  25 38 

52z-3 

rn. 3 5% Y 'I& I/& 50 1 

mm 76 130 19 6 4  6 4  12.7 25 
531.7 5 

SPI-MB-50 In' 1114 '/2 I/4 50 1 5 1112 2 

32 12.7 6 4  127 25 ,127 38 51 
1/4-28 36 

- 
SF1- 15 

ELECTRICAL INFORMATION 
SPISeries is provided wtth 4-conductor shielded cable (AWG 28) 5 feet 
( 1  Sm) long. 

Wiring color code complies wrth ISA S37.8 "Specrficaaons and Tests for 
Strain Gage Force Transducers" and SMA Load Cell Terminology. 

H L 1-48 

5 

127 
5'4 -28 60 

6 
IU -281 60 

152, 
6 

152 
'/a -28 90 

1. 

2. 

3. 
4 .  
5. 

APPLICATION NOTES 
Sinqle Point I load cells are designed for controlled environmental ap. 
pacitions. In general they can be used anywhere a readout instrument 
IS used. 
A moisture resistant coating IS applied to protect the SPISenes from 
hrgn humidity conditions up IO and inciuding 95% relative humidity and 
periodic exposure lo condensahon. These units are not intended for 
submerged operation. 
Mounhng screws: thread engagement ys" - 'h" (9 - 13mm). 

6. Maximum Moment 
Rated Capacity Maximum Moment 
0-3 Ib. 9 Ib - in. 
0-7.5 Ib. 
0-15 Ib. 

22.5 Ib - in. 
45 Ib - in. 

0-25 Ib. 
0-50 Ib. 
0-100 lb. 

125 Ib - in. 
250 Ib - in. 
500 Ib - in. 
500 Ib - in. 0-150 Ib. 

Mounnng surface must be level to within 0.5'. 
?base exercise extreme cautmn while handling and installing @lese load 
cells. 

7 .  Applicahons invoiwng impadoverload tones may require external Stops. 
Request LNIERFACE publicatton IF1 1159 for adddional information. 

SINGLE POINT I LOAD CELL PERFORMANCE DATA 
Nominal Outout-mv/V .......................................... 3 
lnout Resistance-Ohms .......................... .350 + 501 - 3.5 
Outout ResistanceOhrns 
Recommended Excitation-VDC . . . . . . . .  Model:SPI-7.5 
Non-Lineanty-% Rared Output 
Hysteresis-% Rated Output .............. 

Date:09-13-1991 
. . . . . . . . . . .  (Ibs) S e r i a l :  C16396 ~ ~ 0 . 0 2  Capacity:7.5 

Toerature Range, 

O.5 Rated OutpuW10O0F. 
Zero aalance-% Rated 0 
Shih Error: Rated Load apoiied 3 Inches (76 mm) for SPI-3 

inru 15 and 5 incnes (127 mm) forSPI-25 thru 150. from 
Load Cetl centertine- 

zmoensated-*F . . . . . . . . . .  ( -  10 to +4S0C) . . . . 1 5 t o 1 1 5  o u t p u t ,  Compression mV/V: 3.164 
oerature Effect on Zero- INTERFACE. INC. 

7401 €. Butherus Dr. 
Scottsdale. Arizona 85260 U.S.A. 

Telex: 825-882 

a 
Telephone: (602) 948-5555 Fax: ( 6 0 2 )  948-1924 

Rared Loadnncn (Oh Rated LoacU25.4 mrn) . . . . . . . . . . . .  0.012 
WARRANTY & CERTIF1CATION STATEMENT O N  OTHEg SIDE 

z..w- .* i 5 A -- .,? . . . .  



C A LI B RAT I 0 N C E R T 1 F I CAT E 

I 
I 
I 
I 

25 thru 150 

VANCED FORCE MEASUREMENT I N STA L LATlO N I N FO R M AT1 0 Ea 

4 

~N~TALLATION 01  MENSIONS 
c 

MODEL A 0 C 0' E' F' Go H L 1 MODEL I A ' S  C D ' E  F G H J K 

I 

L Tomu . 
1-0 

i in. 3 57/, 1% 1h 'h S O  1 5 3 5ya 'h %* 114 50 1 5 1'12 2 
10-32 24 SPI-25 &50 l/A ~ 28 

mm 76 130 32 127  6 4  127 25 727 
in. 3 6% 1% lh lh 1.00 1.5 6 

mm 76 156 32 12.7 6 4  25 38 152 

mrn 76 156 32 12.7 6 4  25 38 1521 

%-28 36 SPI-100 114 -28 571-7 5 

3 spI-MB-50 in. 3 61h 1% 'h % 1.00 1.5 6 5% 1% l/Z '/A 50 1 5 1%. 2 
11~ - 28 36 v.4 -28 

I 
sm-150 

I 

c 
I I IJJ 

i d 0  

60 

60 

90 

SP!Series is providea wnh 4zonductor shielded cable (AWG 28) 5 feet 
(1  Srn) long. 

Wiring color code complies wrth ISA S37.8 "Specrftcaaons and Tests for 
Strain Gage Force Transducers" and SMA Load Cell Terminology. GRN I-W 

Cornoression Upscale 

6. Maximum Moment 
APPLICATION NOTES 
1. Single Point I load cells are designed for controlled environmental ap- 

plications. In general they can be used anywhere a readout instrument 
Rated Capacity Maximurn Moment 
0-3 Ib. 9 Ib - in. 

IS used. 
2. A moisture resistant coating is applied to protect the SPISenes from 

high humidity conditions uo to and including 95% relatwe humidity and 
periodic exposure to condensahon. These units are not intended for 
suomerged operation. 

3. Mounnng screws: thread engagement %*' - lh" (9 - 13mm). 
4. Mounnng surface must be level to wdhin O S D .  
5. Please exercse extreme caution while handling and installing these bad 

cells. 
7. 

PEFFORMANCE DATA 
Nominal Outout-mV/V ............................... ........... 3 

- .~ 

0-7.5 Ib. 
0-15 Ib. 
0-25 Ib. 
0-50 Ib. 
0-100 Ib. 
0-150 Ib. 

22.5 Ib - in. 
45 Ib - in. 

125 Ib -in. 
250 Ib - in. 
500 Ib - in. 
500 Ib - in. 

Applicabons M lv ing  impadoverload forces may require external stops. 
Request INTERFACE publication IF1 $59 for additional intormanon. 

SINGLE POINT I LOAD CELL 
lnouf ResistanceOhms .......................... .350+50/ -3 .5  
GurDut Resistance-Ohms. ............................ .35023.5 
iiecornrnended Excitation-VDC .............................. idodei:SFI-7.5 
Non-Lineanty--l/o Rated Output . . . . . . . . . . . . . . . . . . . . . . . . .  < f0.02- 

( l b s )  Serial: Cis398 Hysteresis-% Rated Ourput. . . . . . . . . . . . . . . . . . . . . . . . . . . .  e f O . O Q - 2  Pa C i  tY : 7 - 5 - 
rnpensared-OF.. . . . . . . . .  ( - ro to  +450c) . . . . . . . . . .  15 to 1 1 G . c : t c u t ,  Compression mV/V: 3 .  '40 

INTERFACE. INC. 
7401 E. Butherus Or. 

Scotrsdale. Arizona 85260 U.S.A. 

Telex: 825-882 

9'0 Rared OutputHOO°F. . . . .  ,(% Rated Out~utf55.6~CJ. . . . . .  50.15 
Zero Sarance--% Rated OurDut . . . . . . . . . . . . . . . . . . . . . . . . . . . .  < i 5 
Shin Error: Fiateo Load applied 3 inches (76 mm) for 9 1 - 3  

: x u  15 and 5 inches (i27 mm) torSP!.25 (tru 150. from 
iosc Cell cenrerftne- 

Telephone: (602) 948-5555 Fax: (602) 948-1 924 

c ~ c  gate0 Loaa/incn (O/O Rared LoacU25.4 .mm) . . . . . . . . . . .  O.Oi2 
WARRANTY & CERTIFICATION STATEMENT ON OTHER SIDE 



Appendix V 

Manufacturer’s Information for 
Tension Soil Solution Sampler 
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‘7 RENART EQUIPMENT ApS Telefon 31 74 16 6 
uen 14 2000 Frederiksberg , Denmark Giro 1 51 10 7 

The PRENART soil water sampler is now available with 3 

different pore sizes. 

~o P ~ ~ J G  % Larue : Pore size 10 pm. 
Most applicable for sampling of bigger water 
volumes during shorter periods. 
Continuous vacuum systems preferred. 

Small 

You have 

Pore size 5 pm. 
Applicable in most unspecified cases. 

Pore size 3 pm. 
Most applicable for sampling of smaller water 
volumes during longer periods. Continuous 
vacuum systems not needed for sampling periods 
less than 3 weeks. 

received the marked type. 

To ensure good contact between the soil pores and the 
pores of the sampler, the following installation 
procedure is recommended. Make a thin slurry (suspen- 
sion) with soil from the coming installation depth 
(waterrsoil = 1O:l). Alternatively quarz powder can be 
used for the slurry. Put the sampler into the slurry 

with vacuum on for 15 minutes. This procedure will fill 
the biggest pores of the sampler with small soil 
particles and thereby ensure good cappilary contact- 
The sampler is now ready for installation. 



RENART EQUIPMENT ApS Telefon 31 74 16 6 
uen 14 2000 Frederiksberg , Denmark Giro 1 51 10 7 

Installation procedure for the PRENART soil water sampler 

Materials 

P R E N A R T  soil water sampler 
P R E N A R T  collecting bottle with screw cap 
P R E N A R T  steel rod, diameter 20 rnm 
Plastic or metal pipe, max diameter 20 mrn 
Plastic pipe with funnel 
Water 
1-2 L beaker 
String 
Quartz powder 

Installation 

1. New P R E N A R T  soil water samplers are already rinsed in HCI and deionized water, 
ready for  installation. 

2. Mix a thin slurry in the beaker of water with quartz powder or soil from the comnling 
installation depth. 

Place the P R E N A R T  soiI water sampler in the slurry and put 0.5 bar vacuum on lo r  10- 
15 min. By this procedure the biggest pores in the sampler are filled with fine soil or 
quartz powder to ensure a tight capillary contact with the soil. 

With the PRENART steel rod a hole is made in an oblique angle in the soil to the wanted 
depth for installation. This procedure ensures that the soil aireclly over the sampler is 
left undisturbed. 

3. 

4. 

5. M i x  a thicker slurry of water and quartz powder or sieved soil and pour i t  down to the 
bottom of the hole through the plastic pipe with the funnel. This procedure ensures 
that soil moisture can move readily from the pores o f  the soil through the pores of the 
P R E N A R T  soil water sampler. 

6. 

7. 

T i e  the string to the top-fitting of the sampler, in case you want to take it up again. 

The tube from the sampier is put through the plastic or  metal pipe, and the sampler is 
pushed down in the hole with the pipe. 

8. 

9. 

IO. 

Backfill hole with slurry or native soil free o f  pebbles and rocks. 

The  tubing is connected to the collecting bottfe and vacuum is created in the bottle. 

Do not use the first samples for chemical analyses. The system needs a little time 10 
s ta b i k e .  
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Woodward-Clyde 
4582 South Ulster Street  Parkway 
S u i t e  1200 
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Woodward-Clyde 

4582 South Ulster S t r e e t  Parkway 

S u i t e  1200 

Denver, Colorado 80237 

U. S.A. 

A t t . :  L i n d a  Fulton 

FAKTURA/INVOICE: 7165 

20th Sept .  1991 r e f . :  purchase order no. 

piq E Q U I P M E N T  ApS 

1506 

B u e n  14 
DK-2000 Frederiksberg 
Denmark 
Tel +45 3174 1664 
F a x  +45 4280 3607 
Giro 1 51 10 76 

Please remll direct to: 
D e n  D a n s k e  B a n k  
S. W. I.F.T.: DAB AD K K K  
Account No. 
4263-4263-1 32092 

50 PRENART s o i l  water sampler (medium), u n i t  price $71.54 

50 PRENART s o i l  water sampler ( l a r g e ) ,  u n i t  price $71.54 .-*=-3 - 

C a r r i a g e ,  insurance ,  custom e 

I tems t o  be shipped b y  a i r  mail i n  week no. 39.  

Payment b e f o r e  20 th  Oct. 1991. 



Appendix VI 

Pre-Installation Calibration of TDR Probes 



Appendix VI Pre-Installation Calibration of Time Domain Reflectometry (TDRI Probes @ 
A control volume is used in the calibration of the TDR probe to obtain a known volume from which 
soil densities (gm/cm3) are calculated at varying moisture content. 

e To obtain a control volume, use a pan so that a single TDR probe (two wave guides 
attached to twin cable leads) can be surrounded with at least 2 inches (5 cm) of soil. 

e Draw a line, using a water proof pen, onto the side of the control volume pan 2 inches (5 
cm) up from the bottom. 

e Using an electronic scale (e.g. Menler), measure and record the dry pan weight. 

e Fill the pan to the control volume line with water. Weigh and record this value. 

e Since water has a density of 1 g/cm3, the volume of the pan at the control volume mark 
(cm3) is obtained by subtracting the dry pan weight from the weight obtained when water 
is added. This will be the control volume used for calibration (cm3). Note: 1 cm3 = 1 ml. 

A baseline or starting point of the amount of dry soil is needed so that the amount of water in the 
soil can easily be measured. 

Select a soil which does not contain a large amount of organic material. Using a heat lamp, 
oven, or the sun,  dry approximately 5 kilograms (1 0 pounds) of the soil, removing all 
residual moisture. Be careful not to overdry the soil as overheating of the soil will result in 
destroying organics in the soil changing its composition. 

e Using a No. 10 sieve, screen enough dry soil to fill the control volume of the pan. 
Periodically, drop the pan to the floor or table from a height of 6 inches (7.5 cm), while 
filling to achieve proper settling of the soil (tamping). Measure and record this weight. 

e To determine if the soil is dry, leave the soil on the scale for approximately 5 minutes. 

e If the weight remains the same or increases (moisture gain), the soil is to be considered dry 
and the baseline dry weight can be established. If the weight of the soil decreases 
(moisture loss), the soil must be dried funher. 

e Place the control volume pan onto the scale. Record this weight. Remove the pan from 
the scale. 

e Into the pan, place one-half of a control volume with dry soil. Weigh and record this value. 

, 

Place the TDR probe onto the soil. Measure and record this weight. Remove the pan from 
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the scale. Subtract the weight of the control volume pan with soil from this value to 
calculate the weight of the probe. Record this value. 

0 Fill the pan to the control volume line with dry soil and tamp it down. 

Place the pan onto the scale, weigh and record this value. 

Subtract the weight of the probe and the pan weight from the total weight to obtain the 

0 

0 

weight of the dry soil (gm). This will be the baseline weight of dry soil. 

0 The density of dry soil (gm/cm3) is obtained by dividing the baseline weight of dry soil (gml 
by the control volume (cm3). 

The addition of water is done in specified increments until saturation is obtained. Saturation shall 
be considered to be the point when a saturated paste is achieved. A saturated paste is a soil that 
contains enough water such that when a smooth rod (e.g., glass) is put in and removed, very little 
soil remains on the rod. 

0 Place the pan containing the TDR probe onto the scale, add approximately 100 g (1 00 cm’l 
of water and record the weight. Add the water into the middle of the soil to avoid 
splashing the water onto the sides of the pan. 

0 Remove the pan from the scale and place the soil from the control volume pan into a larger 
mixing pan being careful not to spill any of the soil or water. 

0 Mix the soil and water thoroughly to achieve a homogeneous mixture. 

0 Place one-half of the mixture back into the control volume pan, place the TDR probe onto 
the soil, then add the remainder of the mixture. 

Tamp the mixture down to the control volume mark and level with a straight edge, if 
necessary. Do not remove any soil after leveling, just tamp down the soil a little harder 
until the mixture reaches the control volume mark. The mixture will only exceed the mark 
when all air voids are filled with water and saturation is reached. 

0 Place the pan onto the scale, measure and record the weight. The weight should be within 
- + 2 gm of the premixed weight. 

0 Turn on the data logger, measure and record the soil moisture. (See the appropriate 
instruction manual for details). 

e Repeat this procedure of adding water and weighing unril rhe soil reaches 40% water 
volume. Mixing should be performed in the control voiume pan after the initial water 
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addition. Transferring the mixture to a second pan a t  this time may-result in unacceptable 
material loss. 

e Add water to the mixture in small increments (e.g., 50 gm) recording the weights a s  you 
go. After each addition, place a smooth rod (i.e., glass) into the soil, mix and remove. If 
little or no soil comes off the rod, the saturated paste has been achieved and water addition 
stops. 

The following steps and equations will provide the necessary information to calculate the 
volumetric moisture content of soils. 

e The control volume ( c d )  is calculated in 5.2.1 using water as  the medium. 

The density of dry soil (gm/cm3) is calculated using the dry soil weight obtained in 5.2.2 e 

and dividing that number by the control volume. 

e The dry soil volume (cm3' is calculated by dividing the density of the dry soil (gm/cm3) by 
the baseline weight of the dry soil (gm). 

e Volumetric soil moisture content (% M) is calculated by adding the dry control volume (cm3) 
to  the total amount of water added, then dividing this number into the total amount of 
water added. 

% M =  - x (1 1 
(x +Y) 

where: x = total volume of water added k m 3 )  
y = dry control volume of soil (cm3) 

e A mathematical regression is done on the data using the percent moisture content 
calculated gravetimetrically, % water by weight (scale), verses the TDR reading, % water 
by volume (TDR). Graphing the data will aid in visualizing the results. This analysis will be 
conducted using a computer software spreadsheet program (e.g., Lotus 1-2-3) so that data 
can be  easily mathematically regressed and graphed. 
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Calibration of Campbell TDR Probe (#1) with 1" of soil 
William Fronczak - Woodward-Clyde 
03-3 1-92 

Weight of Pan = 305.24 g ** 
Weight of Probe = 95.44 g ** 

Run ## Weight Weight Weight Bulk % water % water % water 
Total soil Water Density weight volume TDR 

-______-_______________---_-_I____________________------__- .......................... ------------- ---------------- 
1 4817.34 4416.66 0 1.31 0.00 0.00 0 
2 4915.02 4514.34 97.68 1.34 2.16 2.90 0 

4 5122.07 4721.39 304.73 1.40 6.45 9.04 4.9 
3 5024 4623.32 206.66 1.37 4.47 6.13 2.4 

5 5273.57 4872.89 456.23 1.45 9.36 13.54 10.3 
6 5379.19 4978.51 561.85 1.48 11.29 16.67 13.8 
7 5481.42 5080.74 664.08 1.5 1 13.07 19.7 1 16.8 
8 5589.36 5188.68 772.02 1.54 14.88 22.9 1 21.7 
9 5688.84 5288.16 871.5 1.81 16.48 29.80 28.3 

10 5794.96 5394.28 977.62 1.84 18.12 33.43 32.3 
11 5894.87 5494.19 1077.53 1.88 19.61 36.84 35.1 
12 6028.8 5628.12 121 1.46 1.92 21.53 41.42 37.3 0 

Regression Output: volume * Regression Output: weight * 
Constant -2.53689 Constant -5.17828 
Std Err of Y Est 1.38515 Std Err of Y Est 2.80854 
R Squared 0.99093 R Squared 0.96273 
No. of Observations 12 No. of Observations 12 
Degrees of Freedom 10 Degrees of Freedom 10 

X Coefficient(s) 1.00404284 X Coefficient(s) 1.928592 
Std Err of Coef. 0.03037009 Std Err of Coef. 0.120002 

* 96 water by volume * 96 water by weight 

** These values are subtracted from the total weight to get the soil weight 



Calibration of Campbell TDR Probe #10 
William Fronczak - Woodward-Clyde 
04-20-92 

Weight of Pan = 304.63 g ** 
Weight of Probe = 106.87 g ** 

Run# Weight Weight Weight Bulk 95 water 9% water %J water 
Total soil Water Density weight , volume TDR 

_-_______---- ................................................. .......................... ------------- ---------------- 
1 4751.6 4340.10 0.00 1-29 0.00 0.00 0 
2 4899.31 4487.8 1 147.71 1.33 3.29 4.38 0.144 
3 5038.5 4627.00 286.90 1.37 6.20 8.5 1 3.68 
4 5101.3 4689.80 349.70 1.39 7 -46 10.38 7.01 
5 5251.33 4839.83 499.73 1.44 10.33 14.83 13.35 
6 5364.8 4953.30 613.20 1.47 12.38 18.20 16.83 
7 5530.2 5118.70 778.60 1.75 15.21 26.62 26.4 
8 5630 5218.50 878.40 1.78 16.83 30.03 31.6 
9 5710.7 5299.20 959.10 1.81 18.10 32.79 33.08 

10 5790.23 5378.73 1038.63 1.84 19.3 1 35.5 1 36.42 
11 5854.05 5442.55 1102.45 1.86 20.26 37.69 38.78 

Regression Output: * volume Regression Output: * weight 
Constant -3.4852 Constant -6.3596 
Std EK of Y Est 1.5939 Std Err of Y Est 3.0565 
R Squared 0.9898 R Squared 0.9624 
No. of Observations 11.0000 No. of Observations 1 1 .oooo 
Degrees of Freedom 9.0000 Degrees of Freedom 9.0000 

X Coefficient(s) 1.1218 
Std EK of Coef. 0.0380 

X Coefficient(s) 2.1432 
Std EK of Coef. 0.14 12 

** These values are subtracted from the total weight to get the soil weight 



Calibration of Campbell TDR Probe #lo0 
William Fronczak - Woodward-Clyde 
05-19-92 

Weight of Pan = 308.79 g ** 
Weight of Probe = 109.17 g ** 

Run # Weight 
Total 

4728.9 
5017.6 
5299.5 
5564.4 
5670.3 
5756.8 

------------- 

Weight 
soil 

---------------- 
43 10.94 
4599.64 
488 1.54 
5 146.44 
5252.34 
5338.84 

Weight 
Water 

.................... - 
0.00 

288.70 
570.60 
835.50 
941.40 

1027.90 

Bulk 
Density 

1.28 
1.37 
1.45 
1.53 
1.56 
1.58 

------------- 

% water 
weight 

0.00 
6.28 

11.69 
16.23 
17.92 
19.25 

.-----..------ 

% water 
, volume 

0.00 
8.57 

16.93 
24.80 
27.94 
30.5 1 

------------- 

% water 
TDR 

---------------- 
0 

7.06 
18.41 
31.78 
35.22 
36.75 

Regression Output: * volume Regression Output: * weight 
Constant - 1.8576 Constant -2.7698 ad Err of Y Est 1.9269 Std Err of Y Est 2.6341 

Squared 0.9877 R Squared 0.9770 
No. of Observations 6.0000 No. of Observations 6.0000 
Degrees of Freedom 4.0000 Degrees of Freedom 4.0000 

X Coefficient(s) 
Std Err of Coef. 

1.2908 
0.0720 

X Coefficient(s) 2.0432 
Std Err of Coef. 0.1567 



Calibration of Campbell TDR Probe #lo1 
William Fronczak - Woodward-Clyde 
05-19-92 

Weight of Pan = 308.79 g ** 
Weight of Probe = 101.18 g ** 

Run# Weight 
Total 

------------- --____-__-_-_ 
1 4720.6 
2 5012.05 
3 5291.85 
4 5556.4 
5 5668.5 
6 5752.74 

Weight 
soil 

43 10.63 
4602.08 
4881.88 
5 146.43 
5258.53 
5342.77 

---------------- --- 

Weight 
Water 

.----------------- . 
0.00 

29 1.45 
57 1.25 
835.80 
947.90 

1032.14 

Bulk 
Density 

1.28 
1.37 
1.45 
1.53 
1.56 
1.59 

.------------ 

5% water 
weight 

0.00 
6.33 

11.70 
16.24 
18.03 
19.32 

------------- 

5% water 
, volume 

------------- 
0.00 
8.65 

16.95 
24.8 1 
28.13 
30.63 

5% water 
TDR 

-_-------------- 
0 

5.9 1 
16.08 
32.25 
36.2 1 
36.72 

Regression Output: * volume Regression Output: * weight 
Constant -2.8674 Constant -3.7454 

3.0448 Std Err of Y Est 3.7986 
Squared 0.9714 R Squared 0.9555 

No. of Observations 6.0000 No. of Observations 6.0000 
Degrees of Freedom 4.0000 Degrees of Freedom 4.0000 

q d  Err of Y Est 

X Coeffcient(s) 1.3224 
Std Err of Coef. 0.1 134 

X Coefficient(s) 2.0894 
Std Err of Coef. 0.2254 

** These values are subtracted from the total weight to get the soil weight 



Calibration of Campbell TDR Probe #110 
William Fronczak - Woodward-Clyde 
05-20-92 

Weight of Pan = 308.4 g ** 
Weight of Probe = 100.26 g ** 

Run# Weight Weight Weight Bulk ‘3% water % water 
Total soil Water Density weight yolume 

1 4717.76 4309.10 0.00 1.28 0.00 0.00 
2 4993.35 4584.69 275.59 1.36 6.0 1 8.18 
3 5272.56 4863.90 554.80 1.44 11.41 16.47 
4 5483.95 5075.29 766.19 1.51 15.10 22.74 
5 5664.45 5255.79 946.69 1.56 18.01 28.10 
6 5776.7 5368.04 1058.94 1.59 19.73 3 1.43 

Regression Output: * volume Regression Output: 

------------- ................................................. ------------- ------------- ------------- - 

4. 

Constant -2.4587 Constant 
3.1636 Std Err of Y Est 
0.9680 R Squared 
6.0000 No. of Observations 
4.0000 Degrees of Freedom 

lps:::iy Est 
No. of Observations 
Degrees of Freedom 

X Coefficient(s) 1.2899 
Std Err of Coef. 0.1 173 

X Coefficient(s) 2.0445 
Std Err of Coef. 0.2259 

%I water 
TDR 

0 
6.3 

14.49 
29.27 
36.1 1 
36.98 

* weight 
-3.4142 
3.8151 
0.9534 
6.0000 
4.0000 

** These values are subtracted from the total weight to get the soil weight 



Calibration of Campbell TDR Probe #144 
William Fronczak - Woodward-Clyde 
06-05-92 

Weight of Pan = 316.57 g ** 
Weight of Probe = 103.11 g ** 

Run# Weight Weight Weight 
Total soil Water 

1 4625.32 4205.64 0.00 
2 4863.78 4444.10 238.46 
3 5289.1 4869.42 663.78 
4 5600.1 5 180.42 974.7 8 
5 5671.9 5252.22 1046.58 

.............................................................. - 

Bulk 
Density 

1.25 
1.32 
1.45 
1.54 
1.56 

____--------- 

% water 
weight 

0.00 
5.37 

13.63 
18.82 
19.93 

._-_---_----- 

9% water 
*volume 

0.00 
7.08 

19.70 
28.93 
31.06 

__-_---__----- 

9% water 
TDR 

0 
7.18 

20.29 
34.54 
34.54 

Regression Output: * volume Regression Output: * weight 
onstant -0.7137 Constant - 1.485 1 
d Err of Y Est 1.5724 Std EK of Y Est 2.2722 

R Squared 0.9925 R Squared 0.9843 
5.0000 No. of Observations 5.0000 No. of Observations 

Degrees of Freedom 3.0000 Degrees of Freedom 3 .OOOO 

c 
X Coefficient(s) 1.1539 X Coefficient(s) 1.8007 
Std EK of Coef. 0.0580 Std Err of Coef. 0.1314 

** These values are subtracted from the total weight to get the soil weight 
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2.0 PURPOSE AND SCOPE 

This standard operating procedure (SOP) describes methods that will 
be used at the Rocky Flats Plant (RFP) to determine the matric 
potential of soils using Soil Measurement Systems (SMS) 
tensiometers. 

Matric potential is a pressure potential that arises from the 
interaction of water with the matrix of solid particles in which it 
is embedded. It is the energy per unit volume of water required to 
transfer an infinitesimal quantity of water from a reference pool 
Of soil water at the elevation of the soil to the point of interest 
in the soil at reference air pressure. 

3 . 0  

Matric potential testing will be performed at various soil depths 
ad] acent to trenches containing soil solution measurement apparatus 
as described in SOP GT.20, Procedure for Soil Interstitial Water 

these activities. 

Personnel performing matric potential testing will be soil 
scientists, hydrologists, geologists, geotechnical engineers, or 

experience or on-the-job training under the supervision of a 

technicians with the appropriate mount of applicable field 

qualified person. 
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4.0 REFERENCES 
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4 . 1  SOURCE REF'EEZENCES 

The following is a list of references reviewed prior to the writing 
of this procedure: 

Soil Measurement Systems; Installation and Maintenance of SMS 

Tensiometers, unpublished manual, 1992. 

Soil Measurement Systems; Tensicorder Users Manual, 1992. 

4.2 

Jury, W.A., W.R. Gardner and W.H. Gardner. 1991. Soil Physics. 5th 
ed. John Wiley and Sons,  Inc. NY 

Marshall T.J. and J.W. Holmes. 1979. Soil physics. Cambridge 
University Press, Cambridge, G.B. 

Warrick A.W. 1990. Nature and Dynamics of Soil Water; in Irrigation 
of Agricultural Crops--Agronomy Monograph no. 30. pp. 69-92 

Wierenga, P.J. unpbl. Interpretation of Tensiometer Readings. 

INTERNAL REFERENCES 
Related SOPS cross-referenced by this SOP are: 

SOP F0.03, General Equipment Decontamination. 
SOP F0.06, Handling of Personal Protective Equipment. 
SOP FO, 0 7 ,  HandILing of Decontamination Water and Wash Water. 
SOP FO. 14, Field Data Management. 
SOP GT.20, Procedures for S o i l  Interstitial Water Sampling and 
Sampler Installation. 
SOP GT. 26, Determining Hydrologic Conductivity Using a Tension 
Infiltrometer. 

0 

0 

0 



FIELD USE O F  TENSIOMZTERS 

Tensiometers are used to 
measure soil water potential 
(or matric potential) in 
unsaturated soils. Matric 
potential is an element of 
total soil water potential. 
Soil water potential is 
eqivalent to the amount of 
work that must be done 
against some combination of 
forces (including matric 
potential) to move water 
from a standard state to the 
point under consideration. 

Ebu-’, I /  I I 

The standard state is the state of pure, free water at a reference 
pressure Po, reference temperature To, and reference elevation Z,, 

and is arbitrarily given the value zero. 

Matric potential is the energy per unit volume of water required to 
transfer an infinitesimal quantity of water from a reference p o o l  
Of soil water at the elevation of the soil to the point of interest 
in the soil at reference air pressure, It is a pressure potential 
that arises from the interaction of water with the matrix of solid 
particles in which it is embedded. For unsaturated conditions, 
matric potential has negative values because water added to soil is 
subject to the attractive forces of capillary and surface 
absorption that vary with water content. These forces exert 
negative pressure which draws water from the tensiometer, creating 
a vacuum within the instrument, The magnitude of this vacuum, 
measured with a pressure transducer, is proportional to the matric 
potential. 
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The tensiometers used in this study are manufactured by Soil 
Measurement Systems, "uscon, AZ. They consist of a water column 
tube with a porous ceramic cup base and a septum stopper at the top 
(Fig. 1). Tension (negative pressure) in the air pocket above the 
water column is linearly related to the water height in the column 
and water tension in the soil. Tension is measured and recorded 
with a Tensicorder' for each tensiometer. The actual water tension 
in the soil around the porous cup is the value on the read-out 
(mbar*1.02) minus the length (in cm) of the water column in the 
tensiometer. 

For pure water systems (no osmotic effects) the air pressure 
measured in the water column of the tensiometer (Fig. 1) is 
equivalent to the matric potential in the soil surrounding the 
porous cup at the base of the tensiometer (Warrick, 1990). 
Tensiometers of five different lengths, 16, 28, 40, 52, and 64 

inches are used for this study. Optimally, they are arranged in 
five clusters of five tensiometers along each trench, for a total 
Of twenty-five per trench (Fig. 2 ) .  Each cluster is approximately 
opposite to a hydraulic conductivity measuring site with respect to 
the trench (see SOP GT.26, Determining Hydraulic Conductivity Using 
a Tension Infiltrometer). The tensiometry data and the hydraulic 
conductivity values provide complimentary data for the solution of 
the Darcy flux equation. Each of the five tensiometers per cluster 
measure matric potential from a different horizon or depth. For  

example, in trench 1 tensiometers monitor matric potential in the 
A, AB, Bt, Btk, and Btgk horizons at depths of 10, 20, 35,  5 0 ,  and 
70 centimeters, respectively (Fig. 2). 

- 

Tensicorder is a registered trademark of Soil Measurement 1 

Systems. 
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6 . 0  FIELD USE OF TESSIOMETERS 

6 . 1  MATERIALS AWD EQUIPMENT 
Below is a checklist for field measurements using tension 
infiltrometers. Several items are included as a matter on 

convenience rather than necessity (indicated by * ) .  

Basic Equipment 
Tensiometers 
Extra septum stoppers 
Metric ruler, 15cm 
7 / 8 "  PVC caps 
Tensicorder 
Extra batteries for Tensicorder (9 volt) 
PPE (as Necessary) 
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18/ Aluminum scaffold and supporting blocks 

Writing supplies 
Weatherproof field notebook 
Black waterproof pens 
Soft metal labelling tags 

Water supplies 
l-quart nalgene bottles (for refilling tensiometers) 
Decontamination supplies (as necessary) 

Site Preparation 
Augers, f o r  example: 

screw type auger: good for wet clayey s o i l  

15/1611 OD auger 
3 / 4 "  tube: good for rocky soil 
2"  coring auger with 1' shank: for loose, dry soil 

Hammer 
5-gallon buckets (one for each soil horizon) 
10 gallons water f o r  slurry 
Tape measure for measuring hole depth 
Rod for pushing soil down hole around tensiometer 
3 or 4 small, l-gallon or less buckets or tubs for collecting auger 

e 
I 

tailings and transporting slurry 

6 . 2  PROCEDURES 

6.2.1 SITE PREPARATION 

e Cordon off area behind trench where the tensiometers will be 
Placed. Foliage must be protected from trampelling. All work 
performed in this area must be done from a scaffold. This 

scaffold runs parallel to the trench face, supported at least 
6" above the ground by blocks at each end. Remove the 

a 
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scaffold from the area when not in use to minimize trauma to 
the flora. 

e The zone containing the tensiometers must be at least 60cm 
from the trench face. At this distance the tensiometers will 
not interfere with other instruments ' placed in the adjacent 
face of the trench. 

6.2.2 Installation 

e Make an access hole using a 15/16 inch OD auger. Drill the 
hole to a depth approximately 3cm below the desired soil 
depth. 

e Remove soil from auger bit, sort by soil horizon, and place in 
appropriate slurry buckets. 

Make a slurry (mud) from the s o i l  removed from the hole by 
mixing enough water to allow it to be poured down the hole. 
Remove coarse particles (>lcm) from the slurry. Where 

different soil horizons have been penetrated, separate 
slurries must be made from the soil of each horizon. When 
large numbers of tensiometers must be installed, buckets of 
slurry should be prepared for each horizon which will be 
encountered. Where applicable, soil from the adjacent trench 
may be used. Advance preparation of slurries speeds work 
because certain horizons (e.g. AB and Bt) take time to 
disassociate into slurry. 

Pour slurry of bottom-hole composition down the  hole. Insert 
the tensiometer into the hole, pushing down firmly enough to 
seat the ceramic cup into the slurry. Do not push so hard 
that the fragile ceramic cup is damaged. 
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Pour or push slurries down the hole in sequence to reestablish 
the soil column. It may be necessary to w’iggle the 

tensiometer to assist downward flow and to eliminate air 
pockets. 

0 Fill the tensiometer with water to 1 cm. below the top. 

0 Place the septum stopper on the tensiometer. 

e Label tensiometers. 

I 

6 . 2 . 3  

Place PVC caps on tensiometers. 
protected from sunlight by caps. 

The septum stoppers must be e 

Maintenance 

The tensiometer must be periodically refilled with water. The 
frequency of refilling depends on the dryness of the soil 
surrounding the ceramic cup. When the soil water tension 
reaches values of 0.5 mbar 01: higher, frequent servicing is 
necessary. Once the rate of water column drop is established 
refilling can be perfomed often enough that the water level 
does not drop below the clear, upper portion of the 
tensiometer. Refilling should be performed mediatly after 
tension measurement to provide maximum time for 
reequilibration prior to the next measurement. 
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To refill, remove the stopper and add water up to 1 cm. below 
the top. More water may have be added to those tensiometers 
which consistently drain below the viewing area between 
measurements. An air space of between 1 and 2 cm2 air below 
the septum stopper is optimal for proper pressure readings by 
the pressure transducer. This air space prevents water from 
entering the transducer needle. 

0 

Visually inspect the septum stopper for signs of 
deterioration. Replace with a new stopper if necessary. 
Replace the stopper and PVC cap. 

e 

1 
A Tensicorder is a portable data storage device (data logger). 
SMS Version 3.0 model has memory organized into six pages of five- 

' hundred cells each (total storage of three-thousand readings). 

The 

Operation of the Tensicorder is via the touchpad interface on the 

on the touchpad for user convenience. A simple on-line liquid 
crystal display on the front of the device provides the user with 
desired information as requested by the appropriate touchpad 
sequences. Consult the Tensicorder User Manual for additional 
information. The following steps will be used to program the 
Tensicorder to record tensiometer data: 

front Of the device. Most of the available functions are printed 

0 Turn on the Tensicorder. 

Press F 0. This zeros the offset. 0 

Press F 6 <page number,. This selects the page number that 0 

the data will be stored, Pages available are numbered 0 t h r u  
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5. (e.g.,F 6 5) 

0 Press F 5. This allows you to view the current auto input 
parameters. 

To accept the current parameters: 
Press YES. 

To change the current parameters: 
Press NO. 

I 

For the example parameters selected, the Tensicorder w i l l  
automatically record and store, on Page 5, 1 data point 
f o r  each tensiometer measured. 

a A t  the START press YES to start the 
sampling. Pressing NO puts the unit into the ready mode. 
TO save battery power, the Tensicorder may now be turned 
off without losing the sampling parameters. 
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Place the transducer down onto the top of the tensiometer 
so that the needle penetrates the septum. The tension 
will appear in the rightmost column on the display. Press 
8TO to save the measurement. Advance the tensicorder to 
the next data location by pressing YES (up arrow). 
Proceed to the next tensiometer, place the transducer, and 
take the next reading. Repeat for all tensiometers. 

Turn off the tensicorder when finished. 

6.2.5 Field Data Collection 

0 .  Take measurements from the tensiometers in a prearranged order 
corresponding to the order of data desired in the spreadsheet (e.g. 
shallowest to deepest, left to right). Establish a system of I.D. 
codes for each tensiometer to identify each data point. 

. AS described above, the tensimeters are arrayed along the margins 
of five trenches. At each trench they are grouped into five 
clusters containing five tensimeters of various lengths each (Fig. 
2). The corresponding tensimeter 1.D.s nomonclature is as follows: 

where m is the trench number (01..05) , TS stands for 
tensimeter, c is the cluster number (I. . 5  from left to 
right facing the instrumented trench face) , and t is the 
tensimeter number within the cluster (1..5, shortest to 
longest). 

nnTSct 

Follow procedure 6.2.3 for collecting tension data with the 
tensicorder. 

Measure the water level height in the tensiometer. The best method 
to measure water height is to first slide up the outer sleeve of 

0 
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the septum, exposing the upper rim of the tensiometer, and then 
measure down from the rim to the water surface. Water column 
height is equal to the length of the tensiometer minus the distance 
from the top to the water surface. Record this information in the 
field notebook. In the lab, enter thio data as a single column 
into a Lotus 1-2-3 worksheet.- Print the ,data to a file (*.dat) 
using a standardized nomenclature ( e . g .  6-23mwl.dat = measured 
water levels recorded on June 23rd). 

e 

NOTES 

The Tensicorder reads pressure in millibars (mbar). For 
spreadsheet calculations use 1 mbar = 1.02 cm of water head. 

e 

e . 2 . 6  Data Transfer 

1 

6.2.6.1 Data Transfer From the Tensicorder 

The Tensicorder is capable of transferring the data which is stored 
in its memory directly to the serial port of a printer or to the 
serial port of a computer. Procedures for data transfer are 
described under SOP GT.26 sec. 6.2.4, Determining Hydraulic 
Conductivity Using a Tension Infiltrometer. 

6.2.6.2 Data Entry Prom the Field Scientific Notebook 

Water level (measured from the top down) is recorded manually in 
the field scientific notebook. This data must be properly arranged 
in a data file (*.DAT) before it may be used in a spreadsheet. To 
create a data file first enter Lotus 1-2-3. Enter the data in a 
columnar sequence the same as that useld during tensicorder data 
acquisition. Place a header on each column indicating the data 
acquisition date. 
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6.2.7 Data Analysis 
0 Enter Lotus 1-2-3, Retrieve the worksheet named TENSIl.WK1. This 

is the worksheet that has been designed to automatically calculate 
2 and total head (H). The worksheet should be located in the 
C:\l23\TENSIX directory. 

0 This spreadhsheet contains constants including identification 

numbers, cup depths and tensiometer lengths. Tensiometer and water 
leve data, arranged in the same order as the constants, may be 
imported into the spreadsheet. Export calculated values (2, H) and 
other pertinent data (e.g. cup depth) to another spreadsheet for 
further analysis, graphing, etc. 

A suggested standard filename nomenclature is as follows: 
OUTPUT FILE: 

data 
i 

{path}:TSjul.WKl jul = Julian date, TS = tensimeter 

7 . 0  DECONTAMINATION 

Specific decontamination procedures are described in SOP F0.3, 

General Equipment Decontamination, and F0.04, Heavy Equipment 
Decontamination. Procedures for the handling of personal 
protective equipment and for decontamination water will following 
SOP FO. 06, Handling of Personal Protective Equipment and SOP FO. 07, 
Handling of Decontaminaion Water and Wash Water, respectively. 
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8 . 0  DOCU"TATI0N 

The collection and documentation of field hydraulic conductivity 
will follow quidelines in SOP F0.1.14, Field Data Management. A 
field notebook will be used for documentation of labeling, manual 
recording of exposed tensiometer lengths, water level heights, 
instances of refilling and septum replacement for each sampling 
location, and other pertinent information. 

I 

Note the following information for each test location: 
Date 
Weather 

Tensiometer I.D. number 
Technicians name and company affiliation 

Location (e.g., Rocky Flats Plant, 901 L i p  Area, Trench 
No. 1) 
Tensicorder Data Storage Locations (e.g.: Page 1, download 
file name = julTDn.DAT). 
A sample data collection form is provided on the following 
page. 
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hydraulic conductivity of soils using a Soil Measurement Systems 
(SMS) tension infiltrometer. 

Hydraulic conductivity testing will be performed at three soil 
horizons exposed during trenching operations prior to the 
installation of interstitial water sampling equipment as described 
in SOP GT.20, Procedure for Soil Interstitial Water Sampling and 
Sampler Installation. All activities will be conducted in 

accordance with the Health And Safety Plan (HSP) mat will be 
developed for these activities. 

Personnel performing hydraulic conductivity testing will be soil 
scientists, hydrologists, geologists, geotechnical engineers, or 
technicians with the appropriate amount of applicable field 
experience or on-the-job training under the supervision of a 
qualified person. 

4.0 REFERENCES 

4.1 SOURCE' REFERENCES 

The following is a list of references reviewed prior to the writing _ -  

of this procedure: 

Soil Measurement Systems; Tension Infiltrometer Users Manual, 1991. 

soil Measurement Systems; Tension Infiltrometer Users Manual, 1992. 
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Soil Measurement Systems; Tensicorder Users Manual, 1992. 

M.D. Ankeny, T.C. Xaspar, and R. Horton. 1988. "Design for an 
Automated Tension Infiltrometer"; soil Science Societv of Am. 

Journal. Vol 52. pp. 893-896. 

M.D. Ankeny, T.C. Kaspar, and R. Horton. 1990. nCharacterization of 
Tillage and Traffic Effects on Unconfined Infiltration 
Measurementsuu; Soil Science Societv of Am. Journal. Vol. 54. pp. 
837-840. 

M.D. Ankeny, M. Ahmed, T.C. Kaspar and R. Horton. 1991. "Simple 
Field Method for Determining Unsaturated Hydraulic Conductivitytt; 
Soil Science Societv of Am. Journal. Val. 55. pp. 467-470. 

Gardner, W.R. 1958. "Some Steady-State Solutions of Unsaturated 
Moisture Flow Equations with Application to Evaporation From a 
Water Table"; S o i l  Science. Vol. 85. pp. 228-232. 

i 

W.D. Reynolds and D.E. Elrick. 1991. "Determination of Hydraulic 
Conductivity Using a Tension Infiltrometertt; Soil Science Societv 
of Am. Journal. Vol. 55. pp. 633-639. 

W.A. Jury, W.R. Gardner, and W.H. Gardner. 1991. 
Fifth Edition. John Wiley and Sons, Inc, NY pp. 328. 

Itsoil Physicstt, 

Wooding, R.A. 1968. "Steady Infiltration from a Shallow Circular 
Pondtr; Water Resource. pp. 1259-1273. 

- -  

4.2 INTERNAL REFERENCES 

Related SOPS cross-referenced by this SOP are: 

0 SOP F0.03, General Equipment Decontamination. 
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SOP F0.14, Field Data Management. 

SOP F0.06, Handling of Personal Protective Equipment- 
SOP F0.07, Handling of Decontamination Water and Wash Water. 

SOP GT-20, Procedures for Soil Interstitial Water Sampling and 
Sampler Installation. 

5 . 0  TENSION INFILTROMETER 

5 . 1  

Applications of the tension infiltrometer include measurement of 
macropore and preferential flow, estimation of soil structure, and 

The major components of the tension infiltrorneter are 1) the 
bubbling tube, the shorter 2.54 cm (1 inch) ID tube, which controls 
the tension at the soil SmfaCe, 2) the water reservoir or Mariotte 

Column which empties as water flows into the soil, the 
baseplate with porous membrane to establish hydraulic conductivity 
with soil or other porous medium. The polycarbonate frame 
strengthens the infiltrometer and should be used when carrying the 
device. Tension (negative pressure) in the air pocket at the top 
Of the water reservoir is linearly related to the height of water 
in the column.. A centimeter change in water column height means a 
centimeter change intension in the airpocket. Thus, infiltration 
rates can be monitored by recording tension changes measured by a 

and 3 )  
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the bubbling tube. Each of the three air entry tubes can be 
calibrated to set four different tensions at the soil surface. 
Tension settings of 0 - ,  3 - ,  6 - ,  and 15 cm have proven convenient 
across a variety of soils and soils conditions (SMS Infiltrometer 
Manual). Changing to an air entry tube that ends 3 cm under the 
water surface from a tube that ends 9 cm under the water surface 
would decrease water tension at the soil surface by 6 cm. 

GCG ROCKY FLATS PLANT Hanual : 

5.2 PROCEDURES 

5.2.1 Filling t h e  Infiltrometer 

TO fill the infiltrometer for the first time, the baseplate 
must be submerged in water in order to saturate the pores of 
the porous nylon mesh attached to the baseplate. I 

Place the infiltrometer into a bucket, dishpan or sink 
containing enough water to cover the top of the baseplate. 
Allow the porous nylon mesh to saturate for approximately 15 

minutes. 

Along the bubbling tube and water reservoir tube is a metric 
scale. Fill the bubbling tube with water to about the 3 cm 
mark. 

Apply silicon oil to the air entry tubes at the rubber stopper 
and insert the rubber stopper into the top of the bubbling 
tube. The oil allows ease in moving the plastic air entry 
tubes in the rubber stopper during calibration and also 
decreases air entry. 

Initially position the tubes at the 3-, 6-, and 15 cm mark of 
the bubbling tube scale. 
air entry tube port open. 

Leave the pinch clamp on the 15 
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A t t a c h  about 1 meter ( 3 . 3  feet)  o f  t y g o n  t u b i n g  t o  a v a r i a b l e  
speed vacuum pump ( i . e . ,  p e r i s t a l t i c ) .  A hand-operated vacuum 
pump can also be used b u t  would require an a d d i t i o n a l  person 

t o  o p e r a t e  it during c a l i b r a t i o n .  I n s t a l l  a 2 . 5 4  cm (1 i n c h )  
long,  2 0  gauge hypodermic n e e d l e  i n t o  t h e  t y g o n  t u b i n g  and 
secure w i t h  a small  hose clamp. 

t o p  of t h e  water reservoir and, using t h e  vacuum pump, c r e a t e  
a vacuum ( t e n s i o n )  enough t o  b e g i n  f i l l i n g  of  t h e  b a s e p l a t e .  

porous mesh l a t e r .  A s m a l l  amount of a i r  b u b b l e s  may remain 
under t h e  b a s e p l a t e  b u t  a t t e m p t s  should be made t o  keep them 
t o  a minimum. 

onto a countertop or s i m i l a r  l e v e l  surface covered w i t h  

p l a s t i c  ( t o  keep t h e  base c l e a n  and c o u n t e r t o p  dry). A i r  w i l l  
b e g i n  e n t e r i n g  through t h e  open 1 5  cm a i r  e n t r y  p o r t  and i n t o  - 

the water  r e s e r v o i r  (see F i g u r e  GT.26.2). 

V i s u a l l y  i n s p e c t  the porous nylon mesh f o r  water or a i r  leaks 
and v a r y  t h e  vacuum t o  maintain a c o n s t a n t  stream of a i r  
bubbles through t h e  w a t e r  r e s e r v o i r .  The porous mesh w i l l  
a l l o w  a i r  e n t r y  if an open a i r  e n t r y  p o r t  i s  set  g r e a t e r  than 
20-25 cm or if t h e  mesh is n o t  a t t a c h e d  p r o p e r l y  to t h e  base.  



DETEUINING HYDRAULIC CONDUCTIVITY USING A TENSION INPILTROMETER 
r\ - 

GhG ROCKY FLATS PLANT Manual: 5-21200-OPS 
GT.26, Rev. 1 

9 of 30 ! ? ?  June 1 5 ,  1992 

EMAD MANUAL OPERATION SOP Procedure No.: 
Page: 
Effective Date: 

Category 2 organization: Environmental Management 

Close the 15 cm air entry port and sequentially open the two 
other air entry ports to purge them of water. Allow each 
entry port  to bubble for approximately 15 seconds. The water 
level in the bubbling tube should, at this point, be below the 
zero level on the scale. 

0 

5 . 2 . 2  

i 

0 Remove the needle from the septum and shut off the vacuum 
pump. If the unit is free of air leaks the water reservoir 
will remain at a constant level and no air bubbles will be 
seen. The unit is now ready for calibration. 

Calibration 

The tension infiltrometer shall be initially calibrated in the 
laboratory prior to use. If infiltrometer studies are to be 
conducted in the field, it will be necessary to recalibrate the 
unit at each location, prior to use. The following steps will be 
performed to calibrate the tension infiltrometer: 

0 A water manometer will be used to calibrate the applied soil 
surf ace tensions. A water manometer is simply water-f illed 
tygon tubing connected to the valve at the base of the 
infiltrometer and looped over a benchtop, truck tailgate, 
sample cooler, etc., adjacent to a meter stick (Figure 
GT.26.1). 

0 Attach the manometer to the side of the bench such that the 
zero end of the meter stick is level with the benchtop 
surface. The benchtop is the zero reference which represents 
the soil surface. 
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0 

0 Filling the manometer tubing with water is accomplished by 
connecting the end of the tubing containing the top portion of 
the base valve to the bottom portion in the base, connecting 
the open end of the manometer to a vacuum pump, then create a 
vacuum so that water flows from the water reservoir out of the 
manometer. Eliminate all air in the tubing and any entrapped 
in the base. 

e Calibration of surface tensions shall be performed from low ( 3  

cm) to high (15 cm) tension. The zero ( 0 )  surface tension is 
then set by moving the 3 cm air entry tube. 

If a 3 cm surface tension is desired, open the clamp of the 3 
cm air entry tube, create a vacuum at the top of the water 
reservoir until a slow, constant stream of bubbles appears in 
the water reservoir and adjust the air entry tube such that 
the water level in the manometer reaches the 3 cm level 
(distance from the benchtop to the top of the water in the 
tube of the manometer with the water reservoir bubbling). 

a 
1 

e 

After all 3 air entry tubes are initially calibrated fill the 
bubbling tube with water to the zero level. This is 

accomplished by creating a vacuum a t  the top of the water 
reservoir, purging the 6- and 1s cm air entry tubes of water 
and then squirting water into the open 3 cm air entry port 
until the water level reaches the zero mark on the bubbling 
tube scale. 
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Perform a final calibration at all three tension levels in the 
same sequence as before. Mark the final positions of the 
lower ends of the air entry tubes on the bubbling tube with a 
black, waterproof marker. This way any change in the bubbling 
tube water level or in air entry tube height can be noted and 

A zero surface tension is set by moving the 3 cm air entry 
tube to a location such that the manometer water level is set 
at zero. 

Air flowing through the bubbling tube causes water to evaporate, 
lowering the water level in the tube. Water can be squirted into 
an open air entry tube (as explained above) to return the water 
level to the zero mark on the bubbling tube scale. 

While surface tensions can be calibrated to an accuracy of 
millimeters, the precision of tension control is limited by tension 
fluctuations due to bubbling (+/- approximately 1 m). Therefore, 
at very low tension settings, actual soil surface tension may 
fluctuate to zero potential. 

5.2.3 Refilling the Infiltrometer 

several gallons of clean water. 

Open the pinch clamp on the 15 cm air entry port. 

Connect the vacuum pump to the water reservoir septum. 
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While creating a vacuum in the water reservoir, fill the water 
reservoir to the desired height. If using a Tensicorder for 
automatic data collection, the height of the water reservoir 
column can exceed the 7 0  cm scale. If data collection is 
conducted using a timer and noting the water reservoir level, 
fill the reservoir to the 7 0  cm level: 

0 

0 The infiltrometer may remain in the bucket until needed, 
however, do not allow the unit to be stored over long periods 
of time in water as bacterial growth on the nylon mesh will 
reduce the effective soil-to-membrane contact area. 

I 

6 . 0  

6.1 

Be careful not to bump the infiltrometer base allowing air to 
enter through the porous mesh. 

FIELD USE O F  THE TENSION INFILTROMETER 

MATERIALS AND EQUIPHENT 

Below is a checklist for field measurements using tension 
infiltrometers. Several items are included as a matter on 

Protective Equipment (PPE) will be specified by the site Health and 
Safety Plan. 

Convenience rather than necessity (indicated by * ) .  Personal 

Basic Equipment 
Tension Infiltrometer 
Tensicorder 
Infiltrometer Outer Ring 
E x t r a  batteries for Tensicorder ( 9  volt) 
Manometer 
PPE (as Necessary) 

writing Supplies 
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Field notebook . 

Plot/site maps 
Data collection sheets 
Black waterproof pens 
Clipboard 

Water Supplies 
5-gal water (depending on number of tests conducted) 
1-5 gal bucket 
2-Plastic dishpans 

(several extra buckets are useful) 

l-gal plastic jug 
Peristaltic pump w/tubing 
Hand vacuum pump w/tubing* 
Septum needles 

' 12 volt battery (fully charged) 
I Decontamination supplies (as necessary) 

Site Preparation 
Pointed trowel 
Flat-nose shovel 
Cheese cloth 
Silica sand for contact material 
Straightedge 
Scissors* 

Miscellaneous supplies 
Paper towels 
!L%readed support rods ('legs' for Infiltrometer) 
Garbage bags 
Timer/stopwatch 
Calculator 
Rubber mallet 
Folding table 
Vacuum grease/silicon oil 
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Measuring tape 
Second Infiltrometer/Ring* 
Spare septa* 
Spare wiring* 
Adjustable wrench* 
Screwdriver* 
Pliers* 
Allen Wrench* 
Hose clamps 
Flags to Mark Site* 

6 . 2  

a 
6.2.1 

PROCEDURES 

Preparing t h e  S o i l  Surface 
I 

Infiltration can be measured with or without removal of any soil 
Crust although plant roots, worm holes, rocks, and fractures in the 
soil will affect infiltration rates and hydraulic conductivity 
data. The following steps will be performed to correctly prepare 
the soil surface: 

Using a pointed trowel, remove 10-15 cm of soil surface in a 
25-30 cm diameter and level the area. If the soil is too wet 
to avoid smearing, the measurement should wait. Avoid areas 
containing large rocks and plant roots. 

0 

If large cracks appear in the soil surface, place 3 layers of 
cheesecloth on the soil surface inside the ring. 
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level with a straight edge. The cheese cloth reduces sand 
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slaking into soil macropores. 

e Place the infiltrometer (water reservoir should be full) onto 
the center of the sand and gently press the device down onto 
the sand. Note that the effective diameter for calculatinq 
the hvdraulic conductivitv is the diameter of the sand circle 
that comes into contact with the Dorous mesh, r = 4 . 2  cm ( 1 . 6 5  

inches) or 1 2  cm 1 4 . 7 2  inches). 

0 Inspect the sand/mesh interface to assure good contact. Poor 
contact results in poor data. A type of leveling 
indicator is convenient to assure that the inf iltrometer is 
perpendicular to the soil surface. 

I 

0 The infiltrometer is anchored by securing the four sharpened, 
threaded rods at the corners of the base. Air will leak in 
through the porous mesh if there is insufficient pressure 
placed onto the sand by the infiltrometer. 

6.2.2 Conducting Infiltration Measurements 

Without moving the infiltrometer, tests to determine hydraulic 
conductivity are conducted for at least two surface tension 
settings (e-g., low: h, = 0 cm and high: h, = -3 cm). For  this 
project and soil types expected to be encountered, testing will be 
performed at four surface tension settings, 0-, 3--, 6-, and 15 m, 
at each location . Although at low surface tensions (i.e., 0 ,  3 

-1 a relatively large amount of water is added to the soil water 
f r o n t ,  the soil remains in an unsaturated state. Testing will be 
performed at increasing surface tensions (e.g, h, = 0 ) .  Data 
collection can be performed either manually, using a stopwatch and 
n o t i n g  the height of the water reservoir, or automatically, us ing  
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a Tensicorder or data logger. 

To manually obtain data, the change in water level in the 
water reservoir during infiltration can be read directly 
on the attached cm scale. A simple timer or stopwatch is 
useful to obtain readings at regular time intervals. 

The change in water level can also be obtained 
automatically by placing the transducer head of a 
Tensicorder over the septum stopper on the upper end of 
the water reservoir. The tension read on the digital 
read-out of the Tensicorder is directly proportional to 
the water level in the water reservoir (Note: 1 mbar = 

1.02 cm of water head). Thus, a 5 cm drop in the water 
I reservoir level causes a 5 cm drop in tension ( 5 . 1  mbar) . 

6.2.3 Automatic Data Collection using a Tensicorder 

A Tensicorder is a portable data storage device (data logger). The 
SMS Version 3 . 0  model has memory organized into six pages of five- 
hundred cells each (total storage of three-thousand readings). 
Operation of the Tensicorder is via the touchpad interface on the 
front of the device. Most of the available functions are printed 
on the touchpad for user convenience. A simple on-line liquid 
crystal display on the front of the device provides the user with 
desired information as requested by the appropriate touchpad 
sequences. Consult the Tensicorder User Manual for additional 
information. The following steps will be used to program t h e  

Tensicorder to automatically record infiltrometer data: 

0 Turn on the Tensicorder. 
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0 Press F 0. This zeros the offset. 

0 Press P 6 <page number,. 
the data will be stored. 
5. (e.g., 0) 

This selects the page number that 
Pages available are numbered 0 thru 

0 Press P 5. This allows you to view the current auto input 
parameters. 

To accept the current parameters: 

Press YES. 

0 To change the current parameters: 
Press NO. 

At the l*START-NR:l* query, enter the number of the storage 
location you want sampling to start at. Registers 

available are from 001 to 500 for each page of data. 
0 Press <start number,. (e.g., 001) 
0 Press STO. This stores the starting location. 

At the t*END-NR:ll query, enter the number of the storage 
location you want sampling data to end at. 
Press <end number,. (e,g,, 250) 
Press S T O .  This stores the end location. 

- _ _  
0 At the l*TIXkBASE:*r query, use the up/down arrow keys to 

select the desired time increment. Time increments 

available are 0.4-, 2-, 4-, io-, and 20 seconds and 1-, 2- 

, 5-, and 10 minutes. When the preferred increment is 
displayed store the value. 

Press YES (up) or NO (down). 0 
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Press STO. (e.g., 4 seconds) 0 

0 For the example parameters selected, the Tensicorder will 
automatically record and store, on Page 0, 250 data points 
at 4-second discrete intervals for a total time interval 
of 1000 seconds. 

At the "START [Y/N]" query, press YES to start the 
sampling. Pressing NO puts the unit into the ready mode 
for realtime reading. To save battery power, the 

Tensicorder may now be turned off without losing the 
sampling parameters. 

i 

NOTES 

Any key pressed during auto-sampling will stop the 
process. 

If auto sampling must be stopped midrun then simply record 
the last used storage location and redefine the automatic 
collection parameters so that they start at the next 
storage location. 

0 The Tensicorder reads pressures in millibars (mbar). For 

the "change in water column height" calculations, 1 mbar 
= 1.02 cm of water head. 
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Tension Setting Discrete Interval Total Interval No. of Readings 
(a) (secs) (secs) 

0 1.0 250 2 5 0  
3 4 . 0  1000 250 
6 4 . 0  1000 2 5 0  

15 10.0 2500 250 

0 For consistent data collection for all sampling locations, 
tests between surface tension settings should begin not less 
than 5 minutes and no later than 10 minutes after the 
conclusion of the previous test. 

I 

0 At the conclusion of the test at the fourth and final surface 
tension place the infiltrometer into a 5-gallon bucket 
containing several gallons of water and, carefully, remove the 
silica sand from the mesh. Transfer the infiltrometer to 
another bucket containing clean water and allow the unit to 
remain there while moving to the next location. The bucket 
provides a stable means of transporting the infiltrometer 
while keeping the porous nylon mesh saturated. 

6 .2 .4  Data Transfer From the Tensicorder 

The Tensicorder is capable of transferring the data which is stored 
in its memory directly to the serial port of a printer or to the 
serial port of a computer. 

6 . 2 . 4 . 1  Downloading to a Laser Printer. 

Before attempting the data transfer the correct connections must be 
made between the printer and the Tensicorder. A RS-232 cable is 
rewired going from 9 pin to 2 5  with the number 2 pin crossing with 
the number 3 pin and the number seven going pin to pin. The cable 
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is plugged into the Tensicorder at the 9 pin end and into the first 
serial port of the printer with the 25 pin end. The procedure for 
doing the actual transfer is as follows: 
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a Turn on the printer. 

a Press ON LINE to toggle the printer off-line. 

a Press and hold the MENU button until SYM SET appears. 

a 

a 

1 

a 

a 

a 

a 

* 

a 

Press MENU to scroll through the parameter topics. Stop at the 
I/O=PARALLEL topic. 

Press - to switch the option to I/O=SERIAL. 
Press ENTER to save the new parameters. 

Press MENU to see the current BAUD RATE. 

Press + or - to select the BAUD RATE = 4800. 

Press MENZT until the READY screen is displayed. 

Press ON LINE, 

Turn on the Tensicorder. 
Press P 6 to select the page that you want to print. 

Press F 7 8 and enter the number of columns that you want 
data printed o u t  in, (1 to 4). 

Press P 2 t o  go through the data transfer parameters. 
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P r e s s  YES i n  response to t h e  NO PARITY q u e r y .  
P r e s s  YES in response t o  t h e  2 STOPBIT query. 

fi \ I  

P r e s s  YES o r  NO t o  scroll through t h e  c h o i c e s  of baud 
r a t e s .  

P r e s s  STO when 4 8 0 0  BAUD is  d i s p l a y e d .  

0 P r e s s  F 1 t o  send t h e  d a t a  t o  t h e  p r i n t e r .  

6.2.4.2 Downloading t o  a PC file 

T h i s  procedure i s  used t o  t r a n s f e r  s t o r e d  d a t a  from t h e  T e n s i c o r d e r  
to the CPU of an IBM compatible  computer. The cable connection 
between t h e  Tensicorder and t h e  PC i s  t h e  same a s  expained i n  

1 S e c t i o n  6 . 2 . 4 . 1 ,  Downloading t o  a P r i n t e r .  

0 The communication parameters on t h e  PC must a g r e e  w i t h  t h e  

s e t t i n g s  on t h e  T e n s i c o r d e r .  A t  the DOS prompt type: 

MODE COMn: baud, parity, databits, stopbits 

where: 

n S e r i a l  P o r t  number ( e . g . ,  1). 
baud Baud r a t e  (e .g . ,  48 for 4 8 0 0 ) .  

p a r i t y  P a r i t y  ( e . g . ,  n f o r  no). 
d a t a b i t s  Use 8 .  

s t o p b i t s  Number of s t o p b i t s  ( e . g . ,  2 ) .  

F o r  example i f  t h e  T e n s i c o r d e r  h a s  been set  a s  described and t h e  

T e n s i c o r d e r  i s  a t t a c h e d  t o  C O M 1 ,  t h e  proper command is: 

MODE COMl: 48,n,8,2 <RETURN> 

The computer responds w i t h  t h e  communications s e t t i n g s  and returns 
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t o  t h e  DOS prompt. 

Copy t h e  contents  o f  t h e  Communications B u f f e r  i n t o  a F i l e .  

A t  t h e  DOS prompt type: 0 

COPY COKn:[path]filespec 

where: (example f o r  Trench X - 1 ,  L o c a t i o n  1) 

n S e r i a l  P o r t  number ( e . g . ,  1) 

p a t h  Optional  P a t h  f o r  output  f i l e .  The [ I  
typed. ( e . g .  C:\INFIL\) 

are n o t  

Output f i l e  name ( e . g . ,  X1 O1.DAT) f i l e s p e c  - 

F o r  example if t h e  T e n s i c o r d e r  is  a t t a c h e d  t o  C O M l  and t h e  d e s i r e d  

output  f i l e  name i s  XI - O1.DAT i n  the C:\INFIL d i r e c t o r y  i n  DOS t h e  

p r o p e r  command is:  

COPY COMl:C:\INPIL\Xl - O1.DAT <RETURN> 

The computer does n o t  r e t u r n  t o  t h e  DOS prompt b u t  writes a l l  t h e  

d a t a  received i n  the C O M l  buffer  t o  t h e  o u t p u t  f i l e .  

Send t h e  d a t a  from t h e  T e n s i c o r d e r  t o  t h e  computer. 
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The data has been saved to and return to the DOS prompt. 
the specified output file. 

6 . 2 . 4 . 3  Importing Tensicorder Data into a Lotus 1-2-3 Spreadsheet 

This procedure is used to download stored data from the Tensicorder 
into a Lotus 1-2-3 spreadsheet. 

0 Download the stored data within the Tensicorder, to a C: \*.DAT 
file. Follow the procedure outlined in subsection 6.2.4.2; 
Downloading to a PC file. The data file (*.DAT) will contain 
Only numbers. (e.g., Xl - O1.DAT) 

Boot Up Lotus 1-2-3. 0 

1 

e Once in Lotus, go to the Import subdirectory. 
subdirectory type: 

To get to the 

\ F  (File) --e> \I (Import) -e-> \N (Numbers) 

This will transfer the numbers from the data file (*.DAT) to a 
worksheet file (f.WK1) so the worksheet functions can be utilized. 

e Once the computer returns to the 'Ready' mode, do any 
necessary edits to make the data presentable. Some examples 
are moving the data to desired cell locations or deleteing 
rows or columns that are not needed etc. 

Save this file under any name you choose. (e.g., X1 Ol.WX1) - 0 

Keep track of the file names and their contents in the 
Scientific Notebook according to the Scientific Notebook Plan. 

0 
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data. This is done by typing: 
\W (Worksheet) ---> \E (Erase) 

Retrieve the worksheet named X1 - 01.RXl. This is the worksheet 
that has been designed to automatically calculate the Ksat, 
Q t ,  Ql, etc. Follow the previously ‘mentioned procedure to 
retrieve this worksheet. 

0 

0 Once this file comes up on the screen and the computer is in 
the ‘Ready‘ mode, the data from the Tensicorder (stored in the 
previous worksheet) is added. This is done by typing: 

e 
I 

6-2.5 

(File) --> / C  (Combine) --> (Add) --> (Entire File) 

Add the file where the Tensicorder data was stored (e.g., 
X1 - 01.KKl). 

0 

Add this data directly under the headings. 

0 Once the data from the Tensicorder appears on the Screen, make 
any necessary edits. One edit may be to break up the data 
that was added. Each page on the Tensicorder has 500 storage 
locations, but since we usually use 250 storage locations f o r  
each surface tension on the Infiltrometer, the data will need 
to be broken up into two-250 line columns. 

The final step is to save this file (after all the pages on 
the Tensicorder have been added), so the data can be 
manipulated later. 

0 



conductivity. 

6 . 2 . 6  Calculations 

6 . 2 . 6 . 1  Steady-State I n f i l t r a t i o n  Rate a 
nylon mesh at two applied surface tensions, h, and h,. 
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Q(h,)= d L e % p ( a h , )  1 + 4 /  ( m a ) ]  for n= 1, 2, 3, and 4 ( 1 )  

where: 

where Ill (an/-) is the field saturated hydraulic conductivity, a 

(an-')  is the soil texture/structure parameter that measures the 
relative importance of gravity and capillarity forces forces during 
water movement in unsaturated soil (Reynolds, 1991), and r is the 
radius of the sand layer between the mesh and the soil (r = 4.2 or 
12 cm). 

The value of Q is obtained by first calculating the steady-state 
flux q (cm/hr) at each surface tension. 

For each surface tension select a time interval where the drop 
in water level in the water reservoir remains constant over 
time . 

0 
1 

Example (Wooding, 1968) : 
If upon reaching steady-state flux, the water level in the supply 
tube (ID = 2.54 cm) fell on average 20 cm/hr for h, = -5 cm, and 10 
cm/hr when the tension was set to give h, = -15 cm. 

Then steady-state infiltration rates (Q)  are calculated using: 

Q = A (surface area of column) x q (flux) 

QI 
QZ = fl(d/2)2(10) = (3.14) (2.54/2)2(20) = 

n(d/2)2(20) =: (3.14) (2.54/2)'(20) = 101.3 cm3/hr 
50.7 cm3/hr 

Note that the higher the tension setting (less negative) the 
greater the infiltration rate. 

6 . 2 . 6 . 2  Unsaturated Hydraulic Conductivity 
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Using the equation: a = l n f O ( h , ) / O (  h 3 1  (2) 

a, - hl 
Because Q(hl) and Q(h,) are measured and hl and h2 are known, a can 
be computed. 

With a known calculate from equation (lj. 

u = In (50.7/101.3) = 0.0692 cm" 
-15 - ( -5 )  

From (1) one obtains: 

101.3 = (3.14) (4.2), Lexp[O.O692(-5)] [I +4/(3.14) (4.2) (0.0692)] 

' x;, = 0.35 m/hr 

With a and & known and using Gardner's Equation ( 1 9 5 8 ) :  

where K(h) is the hydraulic conductivity-pressure head relationship 
(=/hr) 

From (3) one can calculate the unsaturated hydraulic conductivity, 
as follows: 
h = -10 cm, K(-10) = 0.17 =/hour 
h = -20 cm, K(-20) = 0.07  cm/hour 
h = -100 cm, K(-100) = 0.00035 -/hour 
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respectively, calculate a and for all adjacent values o f  applied 
surface tensions (i.e, h, and h,, h, and h,, etc). Average the 
resulting values for a = a,, and 
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= K,, (Equation 4 ) .  

a ,  = [a(0,3) + a(3,6) + a(6,15)]/3 ( 4 )  

7 . 0  

Substitute these into Gardner's Equation (Equation 3)  for each 
surface tension to calculate the unsaturated hydraulic conductivity 
at that tension (Equation 5 ) .  

K(h) = K,exp(a,h) for h 5 0 ( 5 )  

However, rather than taking four surface tension settings at each 
location, you could use just two tension settings, determined 
through experimentation with the soil type, but double the number 
Of measurement locations. This way you get a better idea of the 
spatial variability in & at a.  

DECONTAMINATION 

Specific decontamination procedures are described in SOP F0.3, 
General Equipment Decontamination, and F0.04, Heavy Equipment 
Decontamination. Procedures f o r  the handling of personal 
protective equipment and f o r  decontamination water will following 
SOP F0.06, Handling of Personal Protective Equipment and SOP F0.07, 
Handling of Decontaminaion Water and Wash Water, respectively- 

8 . 0  DOCUHENTATION 
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The collection and documentation of field hydraulic conductivity 
Will follow quidelines in SOP F0.1.14, Field Data Management. Form 
GT 26.1, Infiltrometer Data Collection Sheet will be used in the 
field for the recording of tension infiltrometer settings and 
Tensicorder readings for each sampling location. 

Note the following information f o r  each test location: 
Date 

0 Time 
Weather 

0 Technicians name and company affiliation 
0 

0 

0 

0 

Infiltrometer number (No. 1 or 2 )  

Location ( e - g . ,  Rocky Flats Plant, Trench No. X-1, Horizon 
A, depth = 10 cm. below grade, Test No. 1) 
A diagram of test locations within the trench. 
Tensicorder Data Storage Locations (e.g., h2= -3 cm; Page 
0, Start: NR=251, End: NR=500, discrete time interval = 4 

seconds, duration of test = 1000 seconds, download file 
name = X1 - O1.DAT and X1 - Ol.WK1). 
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CORPORATION 

, .__ _, -. - .  ..-.. 

. 

GEO Environmental uses the EASI system 
to sample groundwater for  rea l - t ime o f  
temporary moni tor ing.  The expendable 
well p o i n t  i s  d r i ven  i n t o  the  ground t o  
the  des i red sampling depth. The probe 
rods are re t rac ted  exposing 6 "  o f  
pe r fo ra ted  3/8' t e f l o n  tub ing.  If 
purgeable groundwater i s  present ,  a 
sample i s  co l l ec ted  using one o f  two 
sample pumps. If  no purgeable water i s  
present,  the EASI  system i s  completed 
l i k e  a convent ional  monitor w e l l  (see 
i l l u s t r a t i o n ) .  The system i s  al lowed t o  
s i t  f o r  3 t o  5 days t o  e s t a b l i s h  a . 
s t a t i c  groundwater l e v e l .  The 
groundwater sample i s  c o l l e c t e d  us ing  
one o f  two pumping systems. 

EASI CAPABILITY 

- Groundwater sampl ing t o  30 ' .  - Measure groundwater l eve l6  t o  0.1 ". - Well mate r ia l s  cos t  less  than 

- One man crew, easy t o  i ns ta l l .  - T r u l y  expendable temporary, can s tay  
i n  p lace  f o r  days o r  months. - No s o i l  c u t t i n g s  generated. - Designed t o  p i n p o i n t  permanent 
mon i to r  w e l l  locations, thus  sav ing 
cos ts  of poss ib le  unnecessary wet Is, - I d e a l  for c l a y  l i t h o l o g i e s  where 
purgeable groundwater is hard t o  
ob ta in .  

-.------------- 

$ 2 0 . 0 0 .  



SOP Number: SAM-2 REV 0 
Date: March 4 1 
Approved by: ? v 

Director of Chemistry 

GROUND WATER SAKPLING PROCEDURES 

This method contains procedures which are suitable for 
the collection of groundwater samples before installing 
expensive and sometimes unnecessary monitoring wells. 
This technique does not comply with EPA protocol for 
valid groundwater sampling, but can be used as a screen 
or qualitative indicator of groundwater quality. 

Groundwater samples can be collected by two different 
means. If purgeable water is present, a groundwater 
sample can be collected immediately. If no water is 
present, Easy Aquifer Sampling Implants ( E A S I )  can be 
installed and completed similiar to the installation of 

1 monitor wells. After 3-5 days, groundwater samples are 
collected using either an vacuum pump or peristaltic 

All Terrain Vehicle Scorpion ( A m )  with Stanley sinker 
drill attached to the rear of vehicle that is 
hydraulically driven from a PTO. 

-OR- 

Pickup mounted Giddings GSR drill rig uses auguring 
capabilities to get to depth. 

-OR- 

Hand-driven AMs (Art's Mmuf actwing Supplies) probing 
equipment or hand-driven augers. 

that attach to the 1" rods. 



. ..-.. . 

3/8" teflon tubing with 6"  of 1/16" perforations in the 
bottom of the tubing. 

40 mL, 20 mL, liter, and 1 gallon sterile environmental 
sampling containers with teflon lined lids. 

Nitrile gloves for handling the sampler and containers. 

Bentonite grout and 10/20 silica sand for completing the 
EASI implants. 

1 to 2" O.D. PVC 01: steel pipe with cap to create surface 
casing and seal. 

Level D, C, E, or A personal protection equipment as 
required per site specific safety plan. 

Alconox laboratory cleaning powder, tap water for 
washing, and de-ionized distilled water for rinsing. 

Sterile squirt bottles for the distilled water 

procedure: 

with the steam cleaner. 

Utilizing one of GEO Environmental's rigs o f  hand-held 
equipment, get situated on top of the sampling location 
of interest. 

Auger down into the ground using 2" augers, making sure 
the hole is as near to vertical as possible (unless the 
client has made a special request to deviate from the 
Verticle). Auger down to the top of the soil Sampling 
zone, cleaning the hole out with augers as necessary. 

If using the Scorpion rig, hydraulically push and hammer 
a 1" pilot hole down to the top of the groundwater level. * 

After a pilot hole, o r  augured h o l e  has been made, the 1'' 
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probe! rods are attached to the expendable well point and 
driven to the specificized sampling depth. The 3/8" perforated tubing with a specialized fitting is inserted 
inside of the 1" probe rods and screwed into the 
expendable well point. 

If purgeable groundwater is present, the probe rods are 
retracted 1 to 2 feet o f f  of the well point, exposing the 
perforated tubing to the groundwater. One of the two 
pumps is then attached to the 3/8" tubing at the surface 
and a groundwater sample is pumped to the surface for 
collection into one o f  the various sampling containers. 

If purgeable water is not present, the probe rods are 
completely removed fromthe borehole. A sand filter pack 
is poured around the tubing perforations from 1 to 5 feet 
up in the bottom of the hole. 4 to 5 of bentonite 
powder is then poured on top of the sand pack to seal off 
possible surface filtration. The borehole is then 
backfilled with natural fill and Once again sealed at the 
surface with bentonite. PVC casing is grouted in at the 
surface, the 3/8" tubing is sealed with parafilm, and the 
pvc is capped (see illustration). 

The EASI system is allowed to sit for 3 to 5 days until 
a static water level is established. Groundwater levels 
are measured using the Little Dipper, then a groundwater 
sample is collected using one of the two sample pumps. 

The groundwater sample is put in a sample jar, sealed, 
labeled, logged in, and put in a refrigerator or iced 
cooler at 4 degrees Celsius. 

The augers, probe rods, sampling equipment is then 
decontaminated using alkanox Or the steam cleaner before 
the next groundwater sample is collected. 

The field sampling technician documents all sampling 
depths, locations, and number of sample containers 
submitted for analysis. If needed, collection of rinse 
water can be submitted for analysis to ensue the 
integrity of the decon procedures. 
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SSG-SNBK Bernoulli Data Diskette Index 



The directory structure of the SSG SNBR Bernoulli data diskette 
is shown in figure Append-X-1 below. A file containing this 
directory structure is included in the root directory of the 
diskette. It is called DISKDIR and is in the ASCII format. A 
copy of this appendix, APPEND X.WP5, is also included in the root 
directory (Wordperfect 5 . 1  fokat). The following sections 
contain details on the location and format of the specified data. 

I 

SOIL 
DBF92 
RAW92 

DBF9 3 
RAW93 

DBF94 
PIE20 E RAW94 
TENS10 
TDRCAL 
SNOW 
I S N O 9 4  

LOADCELL 
RAINSIM 

INFILTRO 
PIT1 

I-: 

I--; 

I.-; 

PIT2 

PIT3 

PIT4 

:PIT5 

IDAT WK1 

Figure Append-X-1: SSG SNBK Bernoulli Data Diskette Directory 
Structure 



Load Cell Calibration Data Loaation 

Load cell calibration data is contained in the \LOADCELL 
directory. The file is named 10 SLOAD.X&S and is in the Excel 
4.0 format. Details of the load-cell calibrations are included 
in Appendix VI . 

Tension Infiltrometer Data Location 

Tension infiltrometer data is contained in the \INFI.LTRO 
directory. For each of the five p i t s  there is a corresponding 
subdirectory, such as \TlVFILTRO\PITl. Each 09 the pit 
directories contains two subdirectories, DAT and WKl (see figure 
Append-X-1). Raw field data (comma delimited ASCII) is in the 
DAT directories. Lotus 123 versions are in the WKZ directories. 
For example, tension infiltrometer raw field data for pit 1 is 
contained in the \INFILTRO\PITl\DAT directory, while the Lotus 
123 versions are in the \INFILTRo\PITZ\WKZ directory. 

Tensiometer Matric Potential Data Sooation 

Tensiometer matric potential field data is in the \FENS10 
#directory. 
1993. These files are in the Lotus 123 format, and include a 
complete description of the data presented. 

TNS92.WK3 contains the data for 1992, TNS93.WK3 for 
a 

TDR Calibration Data Loaation 

TDR calibration data is contained in the \TDRCAL directory. 
These files are in the Lotus 123 format. Details of the TDR 
calibrations are included in Appendix%. 

. I  

TDR Soil Moisture Data Location 

TDR soil moisture data is archived in two formats: CSI raw data 
arrays and in a database. Both of these formats are outlined 
below: 



TDR soil moisture raw data: 

TDR soil moisture raw data is contained in the \SOIL\RAW9- 
directories. 
the CSI TDR component. 
ASCII format. 
based on the date collected, and the *.raw extension. For 
example, a data set collected on March 2, 1994 would be archived 
as 030294.raw. Each file contains a large TDR data array and a 
smaller rain gauge array (if a rain event occured), identified 
with different array number IDS (see the 'Rain Gauge Data 
Location' section below). The format of these raw data arrays 
was standardized in August 1993. 
the TDR array number ID of 444. The Wordperfect 5.1 file 
TDR-RAW.DIR in the \SOIL directory contains a description of the 
array formats and array number IDS used prior to August 1993. 
TDR soil moisture data (or any of the data included in the TDR 
data array) is needed, it is advised that it be extracted from 
the database format (described below). The database format 
contains headers for easy identification of record fields. 

These files contain the raw field data collected by 
The files are in the comma delimited 

All raw data sets are archived with a file name 

This standardization included 

If 

For *.raw files dated August 1993 onward, each file contains a 
data array (comma delimited) with the following format: 

data 
array 

Element ( S I  

1 

2 

3 

4. .27 

type of data stored 

arrav number ID 

Julian day 

time 

Pit 1 TDR soil moisture contents ( % ) .  

These 24 values correspond to the 24 TDR 
probes labelled as instruments 16-39 in Figure 
4.1.4-2 'Instrumentation Location Map: Pit 1 Nh' 
Face.' For example: 

4:OlTDRlll 10:01TDR123 16:01TDR221 22:01TDR313 
5:01TDR112 ll:OlTDR124 17:01TDR222 23:01TDR314 
6:01TDR113 12:01TDR211 18:01TDR223 24:01TDR321 
7:01TDR114 13:01TDR212 19:01TDR224 25:01TDR322 
8:01TDR121 14:01TDR213 20:01TDR311 26:01TDR323 
9:01TDR122 15:01TDR214 21:01TDR312 27:01TDR324 



28. .51 

52. .75 

76. .99 

100.. 123 

124.. 126 
1 

127.. 129 

130. .132 

133.. 135 

Pit 2 TDR soil moisture contents (%) .  

These 24 values correspond to the 24 TDR 
probes labelled as instruments 16-39 in Figure 
4.1.4-3 ‘Instrumentation Location Map: pit 2 NW 
Face. 

Pit 3 TDR soil moisture contents ( % ) .  

These 24 values correspond to the 24 TDR 
probes labelled as instruments 16-39 in Figure 
4.1.4-4 ‘Instrumentation Location Map: P i t  3 NW 
Face. 

Pit 4 TDR soil moisture contents’(%). 

These 24 values correspond to the 24 TDR 
probes labelled as instruments 16-39 in Figure 
4.1.4-5 ‘Instrumentation Location Map: Pit 4 NW 
Face. 

Pit 5 TDR soil moisture contents ( % ) .  

These 24 values correspond to the 24 TDR 
probes labelled as instruments 11-34 in Figure 
4.1.4-6 ‘Instrumentation Location Map: Pit 5 NW 
Face. 

Pit 1 load cell output (mV/V). 

These 3 values correspond to the 3 load cells 
labelled as instruments 58-60 in Figure 4.1.4-2 
‘Instrumentation Location Map: Pit 1 NW Face.‘ 
For example: 

124: OlLCOl 125: 01LC02 126: 01LC03 

Pit 2 load cell output (mV/V). 

These 3 values correspond to the 3 load cells 
labelled as instruments 64-66 in Figure 4.1.4-3 
‘Instrumentation Location Map: Pit 2 NW Face.‘ 

Pit 3 load cell output (mV/V). 

These 3 values correspond to the 3 load cells 
labelled as instruments 62-64 in Figure 4.1.4-4 
‘Instrumentation Location Map: Pit 3 NW Face.’ 
Pit 4 load‘cell output (mV/V). 

These 3 values correspond to the 3 load cells 
labelled as instruments 66-68 in Figure 4.1.4-5 
’Instrumentation Location Map: Pit 4 NW Face.’ 



136.. 137 

138.. 140 

141. .146 

147.. 150 

I 

151.. 158 

159.. 161 

162 

163 

164 

Pit 5 load cell output (mV/V). 

These 2 values correspond to the 2 load cells 
labelled as instruments 56-57 in Figure 4.1.4-6 
'Instrumentation Location Map: Pit 5 NW Face.' 

Pit 1 soil temperatures. 

These 3 values correspond to the 3 temperature 
probes labelled as instruments 61-63 in Figure 
4.1.4-2 'Instrumentation Location Map: Pit 1 NW 
Face.' 
Table 4.7.2-1 'Temperature Probes.' For example: 

Temperature probe depths are given in 

138: OlTPOl 139: 01TP02 * 140: 01TP03 
depth 13cm depth 27cm depth 66cm 

Pit 2 soil temperatures. 

These 6 values correspond to the 6 temperature 
probes labelled as instruments 58-63 in Figure 
4.1.4-3 'Instrumentation Location Map: Pit 2 NW 
Face.' 
Table 4.7.2-1 'Temperature Probes.' 

Temperature probe depths are given in 

Pit 3 soil temperatures. 

These 4 values correspond to the 4 temperature 
probes labelled as instruments 58-61 in Figure 
4.1.4-4 'Instrumentation Location Map: Pit 3 NW 
Face.' 
Table 4.7.2-1 'Temperature Probes.' 

Temperature probe depths are given in 

Pit 4 soil temperatures. 

These 8 values correspond to the 8 temperature 
probes labelled as instruments 58-65 in Figure 
4.1.4-5 'Instrumentation Location Map: Pit 4 NW 
Face.' 
Table 4.7.2-1 'Temperature Probes.' 

Temperature probe depths are given in 

Pit 5 soil temperatures. 

These 3 values correspond to the 3 temperature 
probes labelled as instruments 53-55 in Figure 
4.1.4-6 'Instrumentation Location Map: Pit 5 NW 
Face.' 
Table 4.7.2-1 'Temperature Probes.' 

Temperature probe depths are given in 

CRlO data logger voltage 

CRlO data logger temperature 
Year 



TDR soil moisture d atabase: 

The raw field data files are continually sorted and appended to 
the SOILMEAS.DBF database. 
for 1992 is in the \SOIL\DBF92 directory. The complete database 
SOILMEAS.DBF for 1993 is in the \SOIL\DBF93 directory. The 
current database SOILMEAS.DBF for 1994 (through the end of March) 
is in the \SOIL\DBF94 directory. These files are in the standard 
database format (tab delimited ASCII) and can be imported 
directly into both dBase IV (old RFP standard) and FoxPro 
(current RFP standard). 

All the SOILMEAS.DBF files are standardized, and follow the same 
set-up of the raw format outlined above. All the database files 
contain headings for the identification of data fields within the 
database file. 

The complete database SOILMEAS.DBF 

Piezometer Data Location 

Piezometer data is contained in the \PIE20 directory. This data 
is in two formats, comma delimited ASCII and Excel 4.0. The 
ASCII files have a *.txt extension, the Excel 4.0 files have the 
*.xis extension. Piezometer data from 1993 are in the PIEZ093.* 
files, 1994 data is in the PIE2094.* files. The first column is 
decimal Julian date, columns 2-6 correspond to pits 1-5. This 
field data corresponds to rain simulations during the summer of 
1993, and snowmelt events in early 1994. 

Soil Temperature Data Location 

The soil temperature data is collected by the TDR component. 
Please see the 'TDR Soil Moisture Data Location' section for 
details on the location of soil temperature data. 



0 Rain Gauge Data Location 

data 
array 

element ( 8 )  

1 

2 

3 

4 

- 
Rain gauge data is collected with the TDR soil moisture data. 
The rain gauge raw data is included in the TDR *.raw datafiles 
(see 'TDR Soil Moisture Data Location' section above). Rain 
gauge data collected August 1993 onward are identified with the 
array number ID of 5. 
TDR-RAW.DIR (in the \SOIL directory) for array number ID'S before 
this data. 

See the Wordperfect 5.1 document 

The rain gauge data array have the following format: 

type of data stored 

array number ID 

Julian day 

time 

amount of rain (inches) 

Rain gauge data in the database format (*.DBF) are included in 
the \SOIL\DBF94 subdirectory. The rain gauge database file is 
named SN0WMELT.DBF. This file contains all the rain guage data 0 collected since 1992. The name was due to the assumption that 
rainfall would be collected with snow melt values, which: are 
ihstead collected with the rest of the snow melt data. The rain 
gauge database file name will be updated to RAIN.DBF in the 
fdture. 

Rain Simulator Calibration Data Location 

The rain simulator calibration data is contained in the \RAINSIM 
directory. The file is named SPRAYER.WK1, and is in the Lotus 
123 format. 



Snow Melt Data Location 

Snow melt data is contained in the \SNOW\SNO94 directory. These 
files contain the raw field data collected by the CSI Snow Melt 
component. 
All raw data sets are archived with a file name based on the date 
collected, and the *.sno extension. For example, a data set 
collected on March 2, 1994 would be archived as 030294.sno. 

The files are in the comma delimited ASCII format. 

Each file contains a data array with the following format: 

data 
array I type of data stored 

3 3 .  .35 HMP35C atmospheric temperatures 

36. .45 Pit 1 CSI 107 temperatures: 
(36..42 - snow temperature profile) 
(43 - shielded atmospheric temperature) 
(44..45 - soil temperatures) 



Pit 3 CSI 107 temperatures: 

* Data collected without conversions before March 10, 1994. 
Before this date: 

Solar data was in millivolts,needed conversions: 
Eppley Lab incoming short-wave: 108.1 * mV = W/m2 
Eppley Lab reflected short-wave: 112.4 * mV = W/m2 
Eppley Lab incoming long-wave: 270.3 * mV = W/m 
REBS net radiometer: 12.9 * mV = W/mZ 

1 The solar instruments (which are mounted on a 10 m 
instrument tower) were leveled on March 10. Solar data 
before this date (especially incoming short-wave) should 
be used with caution until adjusted. 

Wind velocity data was in rotation counts per minute, 
needed conversions (based on l-min interval): 

RM Young: 0.00163 * counts = m/s 
MET: 0.0133 * counts = m/s 

SDS snow depths were collected with different offsets. 
Each dataset includes bare ground conditions. 
amounts are determined from these 'zero-lines.' 

New snowfall 


